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Arc Welding Helmets by Jackson 


MabpE OF F1BER GLAss, strong, smooth, easy to clean, resistant to heat and moisture, they last. 

In THREE STYLEs (left to right): narrow shell, straight shell and curved shell . . . each of these with. . . 

e Your Cuoice or Lens Houper (/. to r.): metal lens holder, plastic lens holder (insulative and less in weight), and 
a plastic, insulative lift-front. 

e Apsust-O-Lok HEADGEAR of non-conductive, lightweight and durable Nylon plastic provides easiest headsize ad- 

justment while being worn. Helmet stop and cross strap are also adjustable. 


Cap-AND-HELMET COMBINATIONS offer choice of three helmet styles, three lens holders, three Jackson safety caps. 
e@ WELDING HANDSHIELDs in the same three shell styles have plastic lens holders, fiber handles. 


" . Sold Everywhere by Better Welding Supply and Safety Product Dealers 
Jackson Products 
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PRESS-TIME 


. People 
.. Welding 
. Products 


John C. Lincoln and A. F. Davis Pass Away 


Two outstanding personalities in the arc-welding industry passed away 
in May within 24 hours of one another. John Cromwell Lincoln, founder 
of The Lincoln Electric Co. died on May 25th in Scottsdale, Ariz. He was 
92 years old. Alton Frank Davis, vice-president and secretary of the same 
Cleveland firm, died on May 26th, at the age of 69 in Shaker Heights, Ohio. 


Mr. Lincoln was born on an Ohio 
farm, July 17, 1866. After his 
graduation from high school, he en- 
rolled at Ohio State University, 
finishing in 1888. Prior to his 
founding in 1893 of the Lincoln 
Electric Co., he had been employed 
by Brush Electric Co., Short Elec- 
tric Co. and the Elliott Co. Mr. 
Lincoln was president of the arc 
welding firm from 1906 to 1928, 
at which time he became Chairman 
of the Board and was succeeded in 
the presidency by his _ brother, 
James F. Lincoln. Credited with 
more than 50 patents, including one 
for the variable speed motor, Mr. 
Lincoln was a pioneer in the de- 
velopment of various ductile welds. 

Awarded the 1934 Samuel Wylie 
Miller Medal by the AMERICAN 
WELDING Society for his contribu- 
tions to welding, Mr. Lincoln was a 
fellow of the AIEE and a member of 
ASME. He also belonged to Sigma 


John C, Lincoln 
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Xi and Tau Beta Pi. 

The beginning of the Lincoln 
Electric Co., when it was owned and 
operated by John Lincoln himself, 
consisted of a floor area of 3000 sq 
ft and a cash investment in tools of 
$250. 

A. F. (Charlie) Davis was born in 
Diamond, Ohio, Oct. 24, 1889. 
Educated in the Ohio school system, 
Mr. Davis entered Mt. Union Col- 
lege in 1907. He left school to work 
in engineering, returning to Ohio 
State University in 1911. He grad- 
uated in 1914 with a degree of 
Mechanical Engineer in Electrical 
Engineering. Employed by The 
Lincoln Electric Co. since his gradu- 
ation from Ohio State, Mr. Davis 
became a director and was elected a 
vice-president of the firm in 1925. 

He was made a vice president and 
secretary of that company in 1938. 
The additional title of Secretary of 
the James F. Lincoln Arc Welding 


Foundation, famous for its award 
programs and publications, was 
given to Mr. Davis in 1936. 

In 1942 he established the A. F. 
Davis Welding Library at OhioState. 
This library represents the most 
extensive collection on the subject in 
the world. In 1945 he established 
the A. F. Davis Welding Awards with 
the AMERICAN WELDING SOCIETY. 
Each year three awards are given for 
outstanding papers on welded design 
in machinery, in structures and in 
maintenance. In 1951 Mr. Davis 
received the honorary degree of 
Doctor of Science from Mt. Union 
College and, in 1954, the Samuel 
Wylie Medal from AWS. Mr. 
Davis was a member of ASEE, ASM 
and ASME. 


New Welding Trade Group 
Formed by Manufacturers of 
Automatic Machinery 


A new trade group, the Automatic 
Welding Machinery Association, 
among whose objectives is the pro- 
motion of greater and wider uses and 
markets for automatic welding ma- 
chinery, has been established with 
headquarters in The 1010 Euclid 
Bldg., Cleveland, Ohio. 


\ t 


W. Gunzelman 


E. W. Hollis 


First president of the association 
is E. W. Hollis, general sales man- 
ager of the Lewis Welding & Engi- 
neering Corp., Bedford, Ohio. 
Elected vice president was Willard 
Gunzelman, general manager, World 
Electric Co., Cleveland. 

Named tothe executive committee 
were Paul Galton, divisional sales 
manager, Worthington Corp., Plain- 
field, N. J.; John Berryman, sales 
manager, Special Products Division, 
Air Reduction Sales Co., Union, 
N. J.; John Berkeley, president, 
Berkeley-Davis Inc., Danville, III; 
E. J. St. Eve, secretary, Pandjiris 
Weldment Co., St. Louis; and J. H. 
Cooper, chief sales engineer, Taylor- 
Winfield Corp., Warren, Ohio. 

Formation of the new Associa- 
tion has climaxed a series of meet- 
ings during the past year at which 23 
manufacturers of automatic welding 
machinery attended. 

The formalorganizational meeting 
was held in Chicago on April 8th. 
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TRY... 
COMPARE 


...for proof of 
extra advantages 
you get with— 


EXTRA Built-in Features \ 
make HOBART 


your best welder value! 


Hobart offers the top welder investment on 
today’s market. First a Hobart welder offers 
you more features—built-in at the factory—at 


| POLARITY CONTRO no extra cost to you. 
a" pes sting switch lets opera Second, these features enable you to operate 
more efficiently, boost your production and cut 
your costs. 
EXCEPTIONAL ARC STABI Visit your Hobart dealer or send in the cou- 
a Multi-Range design employs special windi pon below for complete information. Then 
and added cop compare Hobart with any other welder. This 


Se ae comparison will firmly establish Hobart as the 
best—best in features, best in performance— 
the most for your money. 
HOBART BROTHERS CO., BOX WJ-79 TROY, OHIO, 
U.S.A., PHONE FEderal 2-1223 


| 


Gas Engine Drive AC Welder/AC Power “Husky Boy” AC/OC Welder OC Rectifier Electric Motor Drive *“‘Powromatic” “Migarc” 


A Handful of Savings for you! 
HOBART'S New ‘‘ROCKET 
Iron Powder Electrodes 


Tell me m 
or 
Also send ——4MP. electric drive 
on 


Yes, each handful of ‘Rocket 24” Would like to O07 
electrodes you use will represent Name © 24 Electrodes. 18 
savings to you. These new contact type Pos; 
electrodes ore heavily coated 
with iron powder that becomes part Firm__ oe. 
of the weld, for greater speed, ; 4 
strength and smoothness. Address 


For details, circle No. 2 on Reader information Card 


HOBART WELDERS 
| 

HOBART... manufacturers of the world’s most complete line of arc welding equipment 7 

BR 
Hoplite to know More WI-79 TROY, OHIO 


: The cantilever roof, oval-shaped and four acres in size (big enough to cover Yankee Stadium!), shown above will top Pan 
American's new $8 million three-story air terminal to be completed early in 1959 at New York International Airport. Over 4000 
tons of steel|—2000 tons for the roof alone—are being fabricated and erected by Lehigh Structural Steel Co., Allentown, Pa. 


Advanced engines for the Air 
Force Titan are shown under 

i production at Aerojet-General 

Corp.'s Liquid Rocket Plant, 
Sacramento, Calif. A_ skilled 
technician applies silver brazing 
on the skirt area of a Titan 
thrust chamber. These cham- 
bers are made of tapered hol- 
low stainless-steel tubes which 
provide the missile with a light- 
weight, high-strength compo- 
nent part 


The first fleet of welded-alumi- 
num transit concrete mixers to 
be built in America are now in 
operation and others are com- 
ing off the production line at 
Construction Machinery Co., 
Waterloo, lowa. Thealuminum 
mixers weigh one-third less 
than steel models of the same 
size, affording a greatly in- 
creased payload, and offer the 
additional advantages of sav- 
ings in time, labor, fuel and 


Ps maintenance. (Courtesy of 
we Kaiser Aluminum & Chemical 
Corp.) 
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would you like to know more about this important question .. . 


how does a regulator work? 


Your oxygen regulator tames a cylinder pressure 
which may exceed 2200 p. s. i.; it must do so con- 
sistently, reliably and safely. 


Just how does so sensitive an instrument, so sturdy 
a regulator, work — what is pressure anyway — 
wherein lies the difference between a pressure 
gauge and a tubular flowmeter — when would you 
select a single and when a two-stage reduction reg- 
ulator — and wherein lies their difference? 


On what basis do you select a regulator to meet 
specific requirements of low or very high delivery 


pressures, or minute or very vast volume of flow? 


If you have asked yourself these and similar ques- 
tions about pressure, about the measuring of flow, 
about all of the many problems your regulator must 
solve for you, write for this new, FREE National 
regulator booklet today. 


218 Fremont Street, San Francisco 5, Calif. 
Please send FREE ‘‘Regulator"’ booklet. 


ZONE STATE 


NATIONAL welding equipment COMPONY... 218 tremont street san francisco 5 calitornie 


For details, circle No. 3 on Reader Information Card 
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ARGENTINA 


Welding Group Formed 
in Argentina 


The Argentine Institute of Weld- 
ing was formed in 1958 and desig- 
nated Dr. Vladimiro as president. 
The first step in the formation of the 
Institute was taken in April 1957. 
Plans for organization progressed 
until the International Institute of 
Welding accepted the Argentine 
Institute as a member at the Vienna 
meeting in June 1958. The badge 
of the new Institute is similar to 
that of AWS except that the square 
is replaced by a figure having the 
shape of the Southern Cross. 

The system of electrode classifi- 
cation adopted by the Institute from 
the Argentine Standards Institute 
refers to an electrode by a letter 
followed by five numbers. The 
letters are R for rutile, C for cellu- 
lose, B for low hydrogen and MA 
for 6020. The first three numbers 
refer to the tensile strength, elonga- 
tion and notch-impact value. The 
last two numbers designate the 
welding positions and open-circuit 
voltage and polarity for which the 
electrode was designed. For ex- 
ample, B345/16 refers to a low- 
hydrogen electrode, 68,000 psi mini- 
mum tensile strength, 26% mini- 
mum elongation, 13mkg/cm* im- 
pact value, weldable in all positions 
on reverse polarity at 70 volts 
minimum open-circuit voltage. 


AUSTRIA 


Ductile Iron Gas Welded with 
Ductile-iron Filler Rod 


An Austrian solution to the prob- 
lem of welding ductile iron consists 
of gas welding with a ductile-iron 
filler rod containing 4% Si and up to 
0.12% Mg. Depending on the 
thickness to be welded, preheat to 


DR. GERARD E. CLAUSSEN is associated with 
Arcrods Corporation, Sparrows Point, Md. 
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coolinsand. Attempts at arc weld- 
ing with ductile-iron electrodes lead 
to cracks, unless the preheat is 
1380° F. High current must be 
used (260 to 300 amp, '/,-in. rods) 
to keep the weld puddle hot. 


BRITAIN 


Tension Shear Vs Torsion 
Tests in Spot Welding 


A comparison of tension, shear and 
torsion tests for the ductility of spot 
welds led E. V. French and A. A. 
Wells of the British Welding Re- 
search Assn. to prefer the tension 
test. The comparison was made on 
auto-body steel, structural steel 
and a 0.13% C-—0.50% Mo steel. 
The ratio of experimental to theo- 
retical tensile strength provided the 
best index of spot-weld ductility. 


CZECHOSLOVAKIA 


Worn Rolls Built Up 
by Submerged-arc Welding 


The procedure used to build up 
worn rolls for rolling plate and form- 
ing pipe and tubing at the Czech 
steel mills in Witkowitz, Kladno 
and Trinek is based on submerged- 
arc welding. According to the 
February 1958 issue of Revue de la 
Soudure, cast-iron rolls cannot be 
built up, and rolls containing 0.6 to 
1.6% C require an intermediate 
layer. For rolls over 10 in. diam 
the deposit is a spiral of °/s.- to 
'/-in. pitch. Weld settings must 
not exceed 500 amp, 40 v, 33 
ipm. The start and end of a de- 
posit should be on scrap rings that 
can be discarded. The wire for 
the intermediate layer contains 
0.12% C max, 0.8 to 1.1% Mn and 
0.10% Si. The tube wire for the 
remainder of the deposit, or for the 
entire deposit on rolls containing 
less than 0.6% C, contains 0.3 to 
0.4% C, 2.5 to 3% Cr and 8.0 to 
8.5% W. Built-up rolls average 
6 to 8 times the life of the original 
roll. 


By Gerard E. Claussen | 


Continuous Welding 
Improves Fatigue Strength 


O. Izdinsky reports in the July 
1958 of Zvaranie that fatigue tests 
in an Amsler pulsator were made on 
fabricated steel beams intended 
for use in the engine rooms of ships. 
Beams made with intermittent 
welds in the web-flange joint had 
only 50 to 60% of the fatigue 
strength of beams made with con- 
tinuous welds. The highest fa- 
tigue strength was attained with a 
K joint between web and flange. 


DENMARK 


Danish Welding Society 
Enters 20th Year 


Starting its 20th year in 1959, the 
Danish Welding Society, whose di- 
rector is Ole Weincke, announced 
that since January Ist, its new ad- 
dress will be Nygardsvej 47, Copen- 
hagen, and its new secretary will be 
Erik Kongshavn, and its new editor, 
Arved Nielsen. The editor has 
space in the Danish engineering 
magazine for welding articles and 
abstracts of the world’s welding 
literature. 


EAST GERMANY 


Fatigue Strength of Spot-welded 
Joints Plotted 


A series of charts showing the 
fatigue strength of spot-welded 
joints in mild steel 0.040—0.080 in. 
thick is given in the November 1958 
issue of the East German Schweiss- 
technik. The charts are based on ex- 
perimental results by several Ger- 
man and Russian laboratories. The 
fatigue strength for stress pulsating 
from zero to maximum rises from 
6000 psi for a single- or double-row 
lap joint to 15,000 psi for a single- 
row butt joint with cover plates on 
each side. The spot diameter was 5 
times the square root of sheet thick- 
ness. The center-to-center spacing 


750-1380° F; flux is unnecessary; 7 _ 


Try New Torch! 
COMPACT 


WELDING CURRENT GUIDE TUBE 
LOCKING KNOB 


Guide tube locking knob releases guide 
tube for quick and easy replacement. 


ARGON GAS 


FEED ROLL 


TRIGGER 


Pull the trigger, and the flow of shielding gas 
starts. Strike the wire to the work to establish 
the arc and start wire feed. Release the trig- 
ger, and the entire operation stops. 


WIRE SPOOL 


Wire spool positioned for balance and 
visibility. Holds .030, 3/64, or 1/16 
in. aluminum wire, and .030 in. car- 
bon steel wire. 


WIRE FEED MOTOR 


INCHING SWITCH 


Here’s the torch that goes to the job—lets you work in any 


position ... in confined spaces .. . at distance remote from 
the power source! 

Designed for Sigma welding of light metals, the “Sigmette” 
torch is compact and sturdy. Notice the thin silhouette and 
position of the spool for complete visibility. Torch and con- 
trol are completely insulated and grounded —the operator is 
protected from electrically “hot” parts. And the only main- 
tenance tool needed is a screwdriver! 

Find out how Linde’s new “Sigmette” torch can speed your 
operations, bring new economies through its advanced de- 
sign features. For a free demonstration and detailed informa- 
tion, mail the coupon today or call the nearest Linde Office. 


Complete unit — torch weighs 3 pounds, 1 0z.; control 
| Dept. WJ-7, Linde Company | weighs 19 pounds, 2 oz.; Current rating, 125 to 200 amp.; 
Division of Union Carbide Corporation | Welding power, direct current reverse polarity 

| 30 East 42nd Street, New York 17, N.Y. 

| Please send complete facts on the new “Sigmette” torch. | 

| Please arrange to let me try it. | 

| 

Firm Name_ 

| City Zone _ State as 


“Linde’ 


For details, circle No. 4 on Reader Information Card 
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Sigmette™’ and “Union Carbide” are trademarks of Union Carbide Corporation, | al 


of spots was twice the spot diameter. 
For a center-to-center spacing of 
four times the spot diameter, the 
fatigue strength was reduced by 
50%. Fractures invariably started 
at the edge of spots. 


Sintered Flux Developed 
for Submerged-arc Welding 


The January 1959 issue of 
Schweisstechnik describes a sintered 
flux developed by an East German 
Glass Institute for submerged-arc 
welding 1% Cr-').% Mo steel. 
The alloy content of the deposit 
is supplied not by an alloy-steel 
electrode but by oxides of chromium 
and molybdenum in the flux. Iron 
and electrons in the arc serve as 
reducing agents for Cr.O;, MoO, 
and SiO,. The higher the cur- 
rent density, the greater is the 
recovery of alloying elements in the 
weld metal. For hard-surfacing de- 
posits requiring 10 to 15% of al- 
loying elements, these are added as 
metals in the sintered flux. Re- 
search is being conducted on stain- 
less-steel fluxes. 


Submerged-arc Process 
Used on 10,000-ton Freighter 


The Warnemunde Shipyard in 
East Germany uses the submerged- 
arc process for over 45% of the 
welding on a 10,000-ton freighter, 
according to the January 1959 issue 
of Schweisstechnik. Semiautomatic 
welding guns with mechanized travel 
and 0.078-in. manganese-steel elec- 
trodes are favored with high manga- 
nese flux at 400 amp. Mecha- 
nized travel eliminated the porosity 


AUSTRALIA 


Automatic welding of a 
storage tank (Courtesy of |/W) 


652 | JULY 1959 


encountered with manual opera- 
tion and allowed deposition rates of 
12 lb per hr. 


FRANCE 


Articles Describe Weldability 
and Brittleness 


The February 1958 issue of 
Revue de la Soudure contains four 
articles on the general subject of 
weldability and brittleness. The 
first is a survey of the brittle-fracture 
problem by G. M. Boyd of Lloyds 
Register of Shipping. The organi- 
zation recently introduced into its 
specifications for steel for certain 
parts of ships a minimum Charpy-V 
requirement of 35 ft-lb at 32° F 
with not more than 70% crystalline 
fracture. J. B. Friedmann, director 
of the Laboratory for Strength of 
Materials at the Engineering 
Physics Institute, Moscow, describes 
Soviet work on metal fracture. The 
third paper concludes that five 
independent laboratories were in 
close agreement in testing the same 
steels in the controlled thermal 
severity test. In the fourth paper 
on hydrogen in weld metal de- 
posited by covered electrodes, it is 
shown that fisheyes may occur in 
specimens even after 100 days at 
room temperature. 


SWITZERLAND 


Aluminum Firm Qualifies 
Welding Operators 


A Swiss aluminum firm’s use of 
three specimens for the qualifica- 
tion of consumable-electrode inert- 
arc welding operators is described 
in the January 1959 issue of Journal 
de Soudure. The first specimen is a 
butt weld with at least two craters. 
It is examined for porosity and 
bend ductility. The second speci- 
men is a cruciform fillet specimen 
for tensile test. The tensile strength 
must be at least as high as the 
annealed base metal. The third 
specimen is a fillet fracture which 
must be free from porosity. 

This article was authored by H. 
Walser. 


Importance of Notch Impact 
Shown in Welded Bridges 


Experience in welding steel rail- 
road bridges in Switzerland shows 
the importance of the notch impact 
of the steel. Impact tests are re- 
quired, first, on a specimen with 
surface bead, the notch being at the 
fusion line, and, secondly, on a speci- 
men tested at —4° F and, finally, on 


a strain-aged specimen. The impact 
value must be at least 30, 20 and 30 
ft-lb, respectively. Most welded 
railway bridges are of plate-girder 
design. Plate girders are fabricated 
with an angle inserted between web 
and flange to reduce the rigidity. 
Three out of 12 butt welds in one of 
the first welded bridges made of 
rimmed basic Bessemer steel were 
found to contain root cracks. These 
were rewelded. Several years later, 
all the welds were radiographed. 
Since no root cracks were detected, 
it was concluded that root cracks 
occur only during fabrication, and 
not in service. Coverage on this 
work was given by R. Becker in the 
December 1958 and January 1959 
issues of Z. Schweisstechniek. 


WEST GERMANY 


Review Published on 
Welding-metallurgy Literature 


The fifth review of the world’s 
literature on steel welding metal- 
lurgy has been issued by K. L. 
Zeyen, editor of Oerlikon Schweiss- 
mitteilungen. The review extends 
to 120 pages and cites 557 references. 


Low-Hydrogen Electrodes 
Restore Fatigue Strength 


Shrinkage stresses close to oxygen- 
cut edges accounted for the slightly 
lower fatigue strength of oxygen- 
cut compared with milled  speci- 
mens in tests at the Hannover 
Engineering College in West Ger- 
many. Repairing gouges in care- 
lessly oxygen-cut surfaces by weld- 
ing with low-hydrogen electrodes 
restored the fatigue strength to 
that of smooth oxygen-cut surfaces. 


Straight-gap Process Used 
in Submerged-arc Welding 


The AEG Laboratory in Berlin 
provides extensive tables of joint 
design and machine settings for 
submerged-arc welding of steel by 
means of the straight-gap process, 
according to three authors, A. 
Matting, H. Wolf and H. D. 
Steffens, in the January 1959 issue of 
Schweissen und Schneiden. Plate 
beveling is not necessary since it is 
used only to a limited extent, the 
weld being deposited wholly or 
largely between vertical walls. For 
example, 2-in. plates are welded 
one pass from each side with a gap 
of 7/\, in. at 1650 amp and 5 ipm. 
The weld metal should contain not 
over 0.5% Si and 1.0% Mn. The 
process is used successfully in ship 
and pipe-line construction. 


ta 


using PURECO CO. 


Here’s a new way to weld mild steel, manually. Reduce 
costs and raise weld quality at the same time with Dip 
Transfer* CO, Welding. Gives you very low spatter; 
hydrogen-free welds; makes manual welds easy in any 
position. Use PURECO Welding Grade CO, for gas 
shielding, at the purity and price to keep welding quality 
up and cost down. The complete line of PURECO CO, 


supply systems includes: receivers, high pressure receiver 
tubes, converters, and cylinders. 

Get full information about CO, in welding from 
PURECO Technical Sales Service. Call your PURECO 
representative today. There are more than 100 locations 
from coast to coast for your convenience. 


*Copyright Patent Applied For 


Pure Carbonic Company 


A Division of Air Reduction Company, Incorporated 


GENERAL OFFICES 150 EAST 42nd STREET, NEW YORK 17, N. Y. 


NATION-WIDE “DRY-ICE” SERVICE — DISTRIBUTING STATIONS IN PRINCIPAL CITIES 
For details, circle No. 18 om Reader Information Card 
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When you’re welding Inco alloys... 
make joints to match the alloy 


It’s easy. 

Take this job for example. The photo shows a 
Development Engineering Company weldor joining 
.062 inch Monel sheets for a corrosion-resisting air- 
craft testing chamber. To get weld metal to match the 
corrosion-resistance and strength of Monel nickel- 
copper alloy, he knew Inco’s “130”* Monel Electrode 
was his best bet. 

It’s easier and wiser to buy Monel electrodes where 
you buy Monel sheet — all from the same people who 
developed Monel* nickel-copper alloy. Who would 
know how to weld Inco alloys better than the people 
who developed them? 


Wide range of Inco-developed electrodes available 
There’s a full range of Inco welding products avail- 
able for oxyacetylene, inert gas metal-arc, and metal- 
are welding. From these, the right welding material 


INCO WELDING PRODUCTS 


electrodes + wires «+ fluxes 


can be selected to match the properties of any Inco 
Nickel Alloy you may be joining. 


Get top results! 
On your next job make sure you use Inco welding 
products to join Inco Nickel Alloys. Look under 
“Nickel” in your classified telephone directory to find 
out where you can buy Inco welding products. 


*Registered trademark 


Booklet tells complete story ... gives full techni- 
cal data. “Inco Welding Products” covers 
requirements, applications, specifications. It’s 

yours for the asking. Write: <= 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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Steel production currently is characterized by 
a highly competitive situation, not only within 
the industry, but also from numerous competing 
products that challenge the superiority of steel 
in economy, availability and application. The 
need for an adequate return on the investment 
is vital to insure the flow of capital funds for 
continuing modernization and expansion. 

Steel-works operators are constantly alert to 
the importance of any technique or procedure 
that will aid in maintaining plant efficiency and 
performance. Welding is such a process, taken 
for granted in many well-established applica- 
tions, and startlingly unique in some of its newer 
developments. Welding facilitates repair and 
modification of countless items of steel-plant 
equipment — rapidly, efficiently and at a fraction 
of the cost of replacement or use of alternate 
procedures. 

Steel-plant equipment must be protected 
against prolonged outages caused by broken or 
unserviceable parts. Normally this insurance 
is provided by an inventory of spares; the 
amount involved in one part may be compara- 
tively small, but in the aggregate of all of our 
plants a significant capital investment is in- 
volved. Here the criterion by which the need 


JONES & LAUGHLIN STEEL CORPORATION 
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Welding in Steel-Plant Maintenance 


for a spare is established is, “‘In the event of 
wear or breakage, can the part now operating on 
the equipment be repaired by welding in reason- 
able time?’’ If the answer is in the affirmative, 
it may be possible to avoid the maintenance of a 
spare in inventory and the funds thus released 
are available for more directly productive pur- 
poses. 

Thus, welding is a technique that is increas- 
ingly employed in our operations to aid in main- 
taining our competitive position. Hard sur- 
facing has greatly contributed to better-wearing 
properties of machine parts. The utility of 
welding methods is continuously enhanced by 
research in the field and by the advent of new 
methods and machines for performing welding 
operations. 

Welding is a dynamic and expanding tech- 
nology and those who wish to benefit from the 
advances in the field should keep abreast of de- 
velopments. The AMERICAN WELDING SOCIETY 
by means of its WELDING JOURNAL, Technical 
Committees, Educational Committees, and other 
various endeavors is intimately engaged in this 
progressive effort. Continued participation in 
its activities is one of the most effective means 
for the individual to progress with welding. 
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Welding of pipe by manual inert-gas tungsten-arc process 


Paper describes materials, forming operations, heat-treating 
and welding procedures, as well as special techniques employed for 


Fabrication and Construction of Piping System 
for the Dresden Nuclear Power Station 


BY G. B. GRABLE AND A. M. CROSWELL 


ABSTRACT. The unique service conditions in the 
180,000-kw Commonwealth Edison Dresden Nuclear 
Power Station near Morris, Ill., required the use of spe- 
cial materials and fabricating procedures in its construc- 
tion. This paper describes the materials of fabrication, 
the forming, heat-treating and welding procedures and 
special techniques employed in the fabrication and con- 
struction of the power-piping system of the plant. 


Introduction 

The Commonwealth Edison Co. Dresden Nuclear 
Power Station, rated 180,000-kw net electrical 
capacity, designed and constructed by General 
Electric Co. as Prime Contractor, with Bechtel 


G. B. GRABLE and A. M. CROSWELL are associated with the Bechtel 
Corp., San Francisco, Calif 


Paper presented at the AWS 40th Annual Meeting held in Chicago, 
Ill., Apr. 6-10, 1959. 


Corp. as Engineer-Constructor, is nearing comple- 
tion. The major portion of the piping in this 
station consists of conventional carbon steel and 
low-alloy piping fabricated in accordance with 
conventional procedures for power piping. Piping 
in the primary loop, however, which operates at 
1000 psig and 500° F, and connects the reactor 
vessel with the primary steam drum and the sec- 
ondary steam generators, uses Type 304 chromium- 
nickel austenitic stainless steel. It is this piping 
and the special welding, forming and heat-treating 
procedures which are of primary interest and 
comprise the important topic of discussion in this 
paper. 

The large-diameter stainless-steel piping in this 
loop interconnecting the major vessels in the nuclear 
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Fig. 1—Final preparation of welding groove by grinding 


Fig. 2—Hot re-rolling of pipe after welding 


portion of the system consists of 16-in. diam risers 
and downcomers, 22-in. suction connections to the 
recirculation pumps, 18-in. pump discharge piping 
and smaller diameter Type 304 piping in the radio- 
active products clean-up system. 

The choice of materials and the development of 
special fabricating procedures were consistent with 
the need of minimizing corrosion and corrosion 
products which may become radioactive by their 
presence in a reactor coolant stream. The selection 
of welded stainless-steel pipe and cast stainless 
fittings resulted in earlier delivery dates and consid- 
erable savings in cost. 


Material 


Stainless steel was selected in preference to carbon 
steel or low-alloy ferritic steel in the primary loop 
of the system to reduce corrosion and corrosion 
products to a minimum. Type 304 stainless steel 
was chosen over the extra-low carbon grades of 
18-8 stainless in order to take advantage of the 
higher allowable design stress assigned to the higher 
carbon material by the ASME Code Committee. 
To minimize carbide precipitation in the Type 
304 material, special fabrication procedures were 
used. 

The large-diameter stainless-steel piping was 
made from plate purchased to ASTM Specification 
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Fig. 3—End preparations of pipe for welding in shop and field 


Fig. 4—Gamma radiography of cast stainless-steel elbow 


A-240, Grade S and was rolled and welded into 
straight lengths in accordance with ASTM Speci- 
fication A-358. Small diameter _ stainless-steel 
piping was of the seamless type furnished to ASTM 
Specification A-376. 

Cast 18-8 austenitic-steel fittings were purchased 
to ASTM Specification A-351, Grade CF-8 to take 
advantage of lower cost and better delivery dates. 
The fittings were cast using a uniform-wall technique 
to lend greater flexibility to the system than would 
be possible with conventional-type castings. 

In addition to ASTM requirements, a minimum 
ratio of chromium content to nickel content of 
1.8:1 was specified for the castings and weld filler 
metal to enhance casting and weld soundness. 


Fabrication 

Manufacturing and fabrication procedures in- 

cluded: 

1. Hot-forming of the straight lengths of large- 
diameter stainless-steel pipe from plate, auto- 
matic welding of the longitudinal seam to 
close the pipe, hot rerolling of the pipe after 
welding, air-quenching of the pipe on the 
rolls and removal of scale and foreign material 
from the pipe surface by sandblasting and 
pickling. 

2. Casting, machining, heat treatment and testing 


= 


Fig. 5—Cast stainless-steel elbow in hydrostatic-test fixture 


of the large-diameter stainless-steel fittings. 

3. Hot bending of the large-diameter stainless- 
steel pipe, and solution heat treatment of the 
pipe bends. 

4. Welding of joints in large and small-diameter 
piping by special procedures to obtain extra 
smooth weld-bead contour on the inside of 
the pipe thereby avoiding crevices or protrusions 
which could entrap radioactive particles. 

5. Welding of pipe and fittings into subassemblies 
to reduce the amount of field welding. 


Pipe Manufacture 

The 16-, 18- and 22-in. diam stainless-steel piping 
was ordered to minimum wall thicknesses of 0.852, 
0.950 and 1.145 in., respectively. Those lengths of 
pipe which were to be used in the bend sections were 
ordered to wall thicknesses of 0.935, 1.030 and 1.222 
in. minimum to allow for thinning of the wall on 
the outer radius of the bends by the hot-bending 
operation. The stainless-steel plate was received 
from the rolling mill in the sandblasted and pickled 
condition. All surface defects which were sharp or 
exceeded 10 mils in depth were removed by grinding 
and were built up by welding where necessary to 
restore the plate thickness prior to forming. The 
plate edges were then prepared for welding on a 
planer. Following this operation the plates were 
crimped for rolling and then heated in a furnace 
for the hot-forming process. When heated to the 
proper temperature, the plates were rolled into 
cylindrical shape, bringing the scarfed edges of the 
plates in abutment for the welding operation. 
The joint thus formed was of the double-bevel type, 
which was welded by the submerged-are process 
using AWS Type 308 filler wire. The inside bevel 
of the pipe longitudinal seam was welded first by 
the submerged-arc process using a special welding 
head mounted on a boom, following which the tacks 
in the outside bevel were removed by grinding 
(Fig. 1). The joint was then completed by sub- 
merged-arc welding from the outside with a con- 
ventional-type welding head. The weld rein- 
forcements on the inside and outside of the pipe 
were removed by grinding, and the weld was X-rayed 
for 100% of the length of the pipe. The standard 
for weld soundness was as specified in Section I 


of the ASME Code. 


The pipe was then returned to the furnace and, 
after heating to the solution heat-treating tempera- 
ture of 1850° F min, was formed to true cylindrical 
shape on rolls (Fig. 2). After the rolling operation, 
the pipe was cooled by forced air through the 
temperature range of 1750 to 1250° F in less than 
4'/, min to minimize carbide precipitation. This 
cooling rate was continued until the pipe temperature 
was below 800° F. 

Each length of pipe was hydrostatically tested to 
75% of the nominal yield strength, following which 
the pipe was sandblasted internally and externally 
and pickled in a dilute nitric-hydrofluoric acid 
solution to remove all oxide and scale from the 
inside and outside surfaces of the pipe. The ends 
of the pipe were then beveled either for the welding 
of subassemblies of bends and cast fittings in the 
shop of a fabricator or for field welding at the plant 
site (Fig. 3). The finished pipe was given a final 
surface inspection, the ends were plugged and the 
separate lengths were wrapped and shipped to a 
fabricator for welding of the subassemblies. 


Manufacture of Cast Stainless-steel Fittings 
The Type 304 stainless-steel fittings cast by the 
uniform-wall process were of nominal 10-, 16-, 18- 
and 22-in. diam and consisted of tees, 90-deg elbows, 
45-deg elbows, and special heel outlet 90-deg elbows. 
After shaking out of the mold and removal of gates 
and risers, the casting was rough-ground and 
chipped to remove surface defects. Internal and 
external surfaces were shotblasted and inspected by 
dye penetrant for surface defects. The rough casting 
was then given a preliminary heat treatment and 
radiographed. Internal and external defects were 
removed by chipping and grinding and repaired by 
shielded metal-arc welding. The casting was then 
heated to the solution heat-treatment range of 2050 
50° F, and water quenched to retain the carbides 
in solution. Following heat treatment, the casting 
was ground to dimensions and sandblasted and 
pickled to reveal any surface defects. Minor surface 
repairs were effected by grinding. At this stage, 
100% of the area of the casting was radiographed by 
gamma ray (Fig. 4), or betatron to ASTM accept- 
ance standard E-71, Class 2. Final surface inspec- 
tion was performed by the dye-penetrant method. 
All surface indications of defects of a linear configura- 
tion were removed by grinding. Minor surface 
repairs, made by welding after solution heat treat- 
ment, were permitted without reheat treatment of 
the casting. Following final inspection, the casting 
was shipped from the foundry to the manufacturer 
who hydrostatically tested the casting (Fig. 5), 
machined the weld-end preparation on the fittings 
(Fig. 6), and performed an additional dye-penetrant 
inspection of the machine surfaces. Minor sur- 
face repairs by welding and grinding were permitted 
without reheat treatment of the casting. The 
finished castings were then pickled for final accept- 
ance inspection and shipped to the fabricator to be 
joined in subassemblies with the stainless-steel piping. 
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Fig. 8—Heated pipe and shoe on bending table 
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Fabrication of Piping and Fitting 
Subassemblies 


The hot forming and solution heat treatment of 
pipe bends and the welding of these bends, the cast 
fittings and straight lengths of pipe into sub- 
assemblies at the fabricator’s plant was done by 
special techniques and procedures. 

Straight lengths of rolled and welded stainless- 
steel pipe were packed with chloride-free sand, pipe 
ends plugged and then heated in a gas-fired pipe 
furnace to 2100° F as shown in Fig. 7. The heated 
pipe was then removed from the furnace and bent 
to the design radius against a mandrel on the 
bending table (Fig. 8). All bends were made with the 
longitudinal weld seam on the neutral axis. After 
checking the bend angle, the pipe was allowed to cool, 
and ultrasonic measurements were made to assure 
that the wall thickness on the outer side of the 
bend had not been reduced below the specified mini- 
mum. 

After these dimensional checks, the pipe bend was 
solution heat treated in a gas-fired furnace at 1950° F. 


Fig. 9—Spray quenching of hot pipe bend 


Fig. 10—Welding of cast fitting to pipe by automatic 
submerged-arc process 


‘how 
“ Fig. 6—Finish machining cast stainless-steel tee 
| 
Fig. 7—Pipe in furnace at bending table 
= 


The pipe was withdrawn from the furnace while at 
this temperature, and spray quenched with water 
(Fig. 9) from a temperature of 1750 to 800° F in less 
than 4 min. Approximately 9000 gal of water were 
used in the quenching operation to cool each pipe 
bend. Bycareful arrangement of the spray nozzles for 
uniform cooling, the pipe bend retained its shape dur- 
ing the quenching operation. After heat treatment, 
the bend sections were sandblasted and pickled 
prior to welding into piping subassemblies. The 
joining of straight lengths of pipe and the attach- 
ment of fittings was performed by the submerged- 
arc process wherever it was found practical to rotate 
the assemblies under the welding head on the auto- 
matic turning rolls (Figs. 10 and 11). Subassemblies 


which could not be rotated (Fig. 12) for automatic 
welding were manually welded by the inert-gas 
tungsten-arc process (see lead photograph). The 
joint design for the joining of pipe and cast fittings 
in the pipe fabricator’s shop is shown in Fig. 13. 
After aligning and tack welding the sections to be 
joined, the first and second root layers were deposited 


Fig. 11—Welding of cast fitting to pipe by automatic 
submerged-arc process 


Fig. 12—Piping assembled for manual inert-gas 
tungsten-arc welding 


in the joint using the inert-gas tungsten-arc process 
with the section of pipe at the weld joint filled with 
argon to protect the weld metal on the interior of the 
pipe from oxidation. Peep slots were provided in 
the root of the joint through which an observer 
watched root-bead deposition. This observer 
worked with the welder to inform him of the results 
obtained as the weld bead was being deposited, to 
assist in obtaining good fusion, penetration and weld 
contour on the inside of the pipe. Root-pass layers 
(Fig. 14) were radiographed before proceeding with 
welding. 

After radiographic examination of the root passes, 
a water-spray ring was installed inside the pipe to 
water cool the root of the weld during deposition of 
the remaining layers in the weld groove. This 
method of cooling was applied to welds made with 
either the manual inert-gas tungsten-arc or auto- 
matic submerged-arc processes in Type 304 stain- 
less-steel materials to minimize carbide precipitation 
in the weld heat-affected zone, and to permit con- 
tinuous welding when practical. By cooling in this 
manner, the temperature of the weld within a few 
inches of the arc was held below 800° F for all 


759° 


| 
1/16" ~ 3/32" 


Fig. 13—Joint design for shop welding of pipe 
and cast fittings 


Fig. 14—Root-pass layers prepared for initial radiography 
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passes. The formation of steam from water on the 
inside of the pipe by the heat of welding blanketed 
the weld area and protected the root bead from 
oxidation. The final cover passes deposited on the 
outside of the weld were made in multiple beads with 
the outside beads being deposited first and the center 
bead being the final one deposited. At the conclu- 
sion of welding, very little grinding was required, and 
essentially only a buffing operation was needed to 
provide a surface satisfactory for both radiographic 
examination and dye-penetrant inspection (Fig. 15). 
Small-diameter seamless stainless-steel piping was 
joined using the manual inert-gas_ tungsten-arc 
process and the same procedures described above for 
obtaining smooth weld contours and minimizing 
carbide precipitation. All welds were required to 


Fig. 15—Finished shop weld prepared for final 
radiography and dye-penetrant examination 


Fig. 16—General view of yard welding layout 
showing weatherproof we'ding booths 


conform to the radiographic requirements of Section 
I of the ASME Power Boiler Code. The finished 
welded subassemblies were braced in freight cars to 
avoid damage during shipment to the plant site. 


Field Construction 


At the construction site, a field welding yard was 
established to fabricate subassemblies into larger 
assemblies for erection and the subsequent welding 
of these assemblies into the plant piping system (Fig. 
16). 

The fitting and pipe weld-end preparations, pre- 
viously machined at the manufacturer’s plant, were 
cleaned, butted, aligned, clamped (Fig. 17) and tack 
welded with the consumable-insert ring in the joint as 
shown schematically in Fig. 18. This type of weld 
joint employing consumable-insert rings was used for 
all-position field welding to facilitate the making of 
sound root beads free of protrusions or sags which 
would adversely affect flow or entrap radioactive par- 
ticles. 

After assembly and tack welding, a portable 
weatherproof welding booth was placed in position 
over the joint, as shown in Fig. 16. In this manner 
the welding operation was protected from wind and 
rain. 

After joint assembly, purge balloons were inserted 
in the ends of the pipes and fittings, as shown in Fig. 
19, and moved to locations approximately four 
feet apart on both sides of the weld joint. The space 
at the weld joint between the inflated balloons was 
then purged free of air using argon gas. The air 
was displaced through holes drilled in the tack 
welds in the root of the weld joint. When properly 
purged, the space between the balloons was filled 
with argon which serves as an inert backing for the 
root-weld beads deposited by the manual inert-gas- 
shielded tungsten-arc process. All welding in the 
assembly yard was done with pipe in the horizontal 
fixed position. The initial bead was started at the bot- 


x 
— 
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wet 
1/8" 
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Fig. 18—Joint design for field welding of 
pipe and cast fittings 


tom of the pipe and welded continuously upward. To 
assure deposition of a root bead with full penetra- 
tion and smooth internal contour, one welder de- 
posited the weld while a second welder observed 
the welding as it progressed from the opposite side 
of the pipe wall by looking through any one of three 
holes drilled in the tack welds in the root of the joint 
at equidistant locations around the pipe circum- 
ference. The observer (Fig. 20) advised the welder 
continuously of the quality of penetration, fusion and 
weld-bead contour obtained on the inside of the pipe 
as welding progressed. 

Following completion of two weld layers by the 
inert-gas tungsten-arc process, the purge ballons 
were removed from the piping assembly to permit 
forced air cooling of the weld joint during deposition 
of the remainder of the weld passes by the manual 
shielded metal-arc process (Fig. 21). Type 308 
covered electrodes conforming to ASTM Specifica- 
tion A-298 were employed for this welding operation. 
As a result of internal cooling of the joint with an air 


Fig. 20—Manual inert-gas tungsten-arc welding operation 
in horizontal fixed position in field, showing 
welder-and-observer team 


Fig. 21—Manual shielded metal-arc welding operation in 
horizontal fixed position in field 
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jet, weld temperatures 8 to 10 in. behind the arc 
determined by temperature-indicating crayons did not 
exceed 500° F during welding. Rapid cooling was 
done to reduce the amount of carbide precipitation 
which would form in the weld heat-affected zone. 

Finished welds were dye checked and radiographed 
100% by gamma ray. The surface of the finished- 
weld reinforcement was sufficiently smooth (Fig. 22) 
to permit suitable radiographs to be taken with only 
a minimum of weld-surface preparation by grinding. 
Radiographic acceptance of welds was based on the 
standards set forth in Section I of the ASME Code 
for Power Boilers. 

Smaller diameter piping, particularly that which 
: . was 2 in. or smaller in diameter, was joined by the 
manual inert-gas tungsten-arc process to assure 

smooth contour of the root-weld bead on the inside 

of the pipe. 

Fig. 22—Finished field weld prepared for radiography The assemblies joined in the welding yard were 
erected in place and welded to the equipment com- 
ponents in the nuclear portion of the plant. These 
welds were fitted and welded using the same proc- 
esses and procedures employed in making the sub- 
assembly welds in the welding yard. The locations 
of several of these joints and the positions in which 
welding was performed are illustrated in Fig. 23, 
showing the welds joining 16-in. risers and 16-in. 
downcomers to the main steam drum and Fig. 24, 
showing a girth weld joining an 18-in. stainless-steel 


| Fig. 23—Risers and downcomers welded to pipe to a gate valve in the primary recirculating line. 


primary steam drum 
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Fig. 24—Girth weld joining 18-in. pipe to a gate valve 


Addendum: 


“Corrosion Tests on Metallized Coatings” 


On page 218 of the March 1959 issue of the WELDING JOURNAL, Fig. 4 shows a group of aluminum-sprayed panels after three years immersion in sea 
water at Harbor Island, N.C. Many prominent white spots show in the picture, and the reader might conclude that these are corroded areas. Actually 
these spots are the remains of barnacle shells which attached to the coating. Beneath these shells, the coatings were all found to be in perfect condi- 
tion. 


A. P. Shepard 
Chief Development Engineer 
Metallizing Engineering Co., Inc. 
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The Buffalo Bayou Bridge—actually twin bridges—on U. S. 90A in Houston, Tex. 


Superiority of welded design in initial cost, appearance, 
future maintenance and ease of future widening is exemplified by 


The Buffalo Bayou Bridge 


and Future Long-Span Possibilities. 


BY CHARLES S. MATLOCK AND FARLAND C. BUNDY 


sYNopsis. The three-span (198 ft-270 ft-198 ft) con- 
tinuous welded-plate girder Buffalo Bayou Bridge in 
Houston, Tex., incorporates spans which are among the 
longest in welded construction in this country. Com- 
parative estimates with a riveted-plate girder unit pre- 
pared early in the design stage indicated the superiority 
of the welded design in initial cost, appearance, future 
maintenance and ease of future widening. 


the design selected. 

Comments and recommendations are included which 
indicate some of the steps necessary to make long-span 
welded bridges a reality in the United States. Unduly 
restrictive specifications and unrealistic factors of safety 
plus the passive attitude of some engineers, industry 
and research groups are discussed. 


Cc. 8S. MATLOCK and FARLAND BUNDY are associated with the 
Bridge Division of Texas Highway Department, Austin, Tex. 


Paper presented at the AWS 40th Annual Meeting held in Chicago, 
Ill., Apr. 6-10, 1959. 


Ease of 
fabrication and erection emphasized the desirability of 


Governing Features 
The final location and design of any bridge is the 
product of work and thought by many men. The 
Buffalo Bayou Bridge was no exception. Contrary 
to the practice of a number of years ago, it is no 
longer possible to fit the highway to the bridge, but 
rather one must provide economical crossings in such 
a way as to serve the through highway traffic best 
without undue interference with local considerations. 
Among other things, factors such as right-of-way re- 
strictions, grade limitations, clearance requirements 
and local street conditions must be considered in de- 
termining the proper structure in any given location. 
The special limitations surrounding the Buffalo 
Bayou Bridges indicated the desirability of two 
rather widely separated structures, each to carry one 
directional traffic. It was also established that, to 
prevent undesirably steep grades, the structures must 
be as shallow as possible, but at the same time, would 
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have to provide at least 15 ft vertical clearance over 
the existing city street, which crossed the bayou with 
an existing through truss (see foreground, Figs. 1—2) 
plus at least 50 ft vertical clearance over the navigable 
waterway. The sharp bend in the bayou at this 
point also brought up the problem of future main- 


Fig. 1—The new twin-structures span navigable 
Buffalo Bayou and old 69th Street 


TYPICAL SECTION 


Fig. 2—General layout of the 668 ft 0-in. 
continuous plate-girder unit 
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Fig. 3—Barges now negotiate the turns in the bayou 
without danger of collision with bridge substructure 


tenance of fender (pier protection) systems to prevent 
damage to bridge piers from barges attempting to 
make the severe maneuvers required at this location. 
Early planning, therefore, indicated the advisability 
and long-term economy of keeping all piers clear of 
the normal waterway. After these governing fea- 
tures were established, detailed preliminary designs 
were begun by the bridge design section. While 
Texas long ago adopted welding in all its I-beam and 
shorter plate-girder units, there had been some re- 
luctance to use all-welded fabrication and welded 
field connections for long-span plate girders. Cost 
estimates eliminated riveted trusses, conventional 
arches and other types early in the planning stage. 
Therefore, the initial plan was to use a three-span 
continuous riveted through-plate girder design with a 
main span of 270 ft. 

Vertical clearances called for a shallow depth from 
top of roadway to bottom of girders, while fabrica- 
tion costs in the riveted girder indicated a two-girder 
type with floor beams and stringers. These factors 
resulted in a “through” girder type being proposed. 
The proposed riveted continuous girder carried a 
28 ft. roadway, curbs 18 in. wide, plus a small 
parapet wall to help protect the top girder flange from 
traffic damage. The span lengths were 198 ft-270 ft- 
198 ft with depths varying from 7 ft-6 in. at the end 
to 15 ft-0 in. at the interior supports and 9 ft-0 in. at 
the center of the center span. The shape in elevation 
was similar to the welded design finally selected ex- 
cept for the greater depth and the fact that the top 
of the girder was 2 ft-6 in. above the concrete deck. 
Transverse 36 WF 150 floor beams were spaced at a 
little less than 20 ft-0 in. centers. These carried lon- 
gitudinal 21 WF 62 stringers spaced at 8 ft-2 in. All 
main material was designed using either A7 or low- 
alloy steels, with the latter showing greater economy. 
Beside the fact that it would not enhance the ap- 
pearance of this rapidly expanding urban area, a 
through-girder structure was vulnerable to damage 
by highway traffic, was exposed to the full effect of its 
corrosive environment and would be almost impossi- 
ble to widen when future traffic demanded. 

In short, this was not a happy solution. Four very 
shallow, deck-type plate girders could be used, but 
would be economical only if welded. Protection from 
corrosion also would best be afforded by smooth sur- 
face unmarred by rivets, connection angles, etc. 
Elimination of floor beams and stringers would help 
on all counts. Therefore, it was decided that de- 


Fig. 4—Smoothly varying girder depth was chosen 
for esthetics as well as structural efficiency 
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Table 1—Comparative Designs (All Items Complete and in Place) 


Four-girder welded bridge——— 


Unit 
price 
$42.00 

0.11 


Item 
Class X conc. 
Reinf. steel 
Struct. steel (A7) 
Struct. steel (A373) 
Struct. steel (low alloy) 
Railing 


Quantity 


455.0 
89,247 


1,214,000 0.15 
‘1,336 6.00 
Totals 


Cost of superstructure per linear foot of bridge 
Cost of superstructure per square foot of bridge 


$ 19,110.00 


$219,043.00 


———Two-girder riveted design 


Unit 
price 
$42.00 
0.11 
0.145 


Total 

$ 20,958.00 
10,868.00 
82,520.00 


Total Quantity 
499.0 
98,800 


569, 100 


9,817.00 
182,100.00 
797,800 0.16 127,648.00 
8,016.00 1,336 4.00 5,344.00 
$247,338.00 

$370.00 

$13.21 


$328.00 
$11.71 


tailed comparative estimates 
would be made for a riveted 


Lateral 


) 
Cut ard Chup Flange one sate to 
gusset Typrcal at laterals 
DETAIL SHOWING ENOS 
OF LATERALS(TYPICAL) 


through-girder bridge and for a 


shallow welded deck-girder bridge 
with closely spaced girders (see 
Figs. 3, 4, and 5). 

Table 1 shows the results of 
these comparative estimates, with 
prices corrected to January 1959, 
for our section of the country. 

It became clear that not only 
was this the type structure that 


OUTSIDE GIRDER 
PANEL POINTS 86/4 
‘hia 


000 PANEL POINTS 
(Except 9 1/$ 13) 
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OUTSIDE GIRDER 
PANEL POINTS 10 € 10 


was wanted—-pleasing in appear- 
ance, lowest maintenance possible 
and easily widened, but, it was a 
design which was more econom- 
ical than any other considered. 
The existing well-trained and or- 
ganized welding inspection sys- 
tem prevented any doubt con- 
cerning the quality of workman- 
ship which could be expected. 

A lightweight concrete (expanded clay and shale) 
deck was selected, because its use resulted in a saving 
of almost one-third in the dead load of the slab (105 
Ib/cu ft vs. 150 lb/cu ft of hard-rock concrete). This 
effected a saving of about 8% in the quantity of 
structural steel and a like saving in the pile founda- 
tions. Extensive tests with which the designers had 
been associated proved the excellent strength and 
wearing qualities of the lightweight aggregates pro- 
duced in this area and the ability to obtain these 
qualities consistently in the field. Less predictable, 
however, were the modulus of elasticity and shrinkage 
which were estimated to be about 60 and 200%, re- 
spectively, of ordinary hard-rock concrete. For these 
reasons, composite action between the girders and the 
slab was not considered for stress determination in 
the plate girders. Welded shear connectors were pro- 
vided in the positive moment zones, however, to pro- 
duce a stiffer structure, to dampen vibratory effects 


TYPICAL 


NSIDE GIRDER 
PANEL POINTS 8 TOM 
TO /4 

LATERAL CONNECTIONS 
(Quaphregrs rot shown) 


Gusset for Laterals 


NOTE All Erection Motes shail te 
OUTSIDE GIRDER 
PAN / EVEN PANEL POINTS 


DIAPHRAGM DETAILS 


Fig. 5—Typical bracing details 


and to reduce live-load deflections. 

To gain efficiency in the continuous design, deep- 
ened sections over the piers seemed desirable. This 
reduced the bending moment in the center of the 
main spans somewhat and allowed the use of thinner 
flange plates over the piers. By using flange plates 
24 in. wide, the maximum thickness could be held be- 
low 2 in., thereby eliminating the necessity under the 
then existing specifications for special preheat or post- 
heat. Also, efficiency of the girder section over the 
piers could be increased, provided the thinnest web 
possible was used. By using longitudinal stiffeners, 
a °/,.-in. web plate for the 12 ft-0 in. depth of girder 
was possible (depth to thickness ratio of !'/54). 
Sufficient theoretical investigations were made to in- 
sure that, at this point of simultaneous maximum 
shear and moment, an adequate safety factor was 
present to prevent buckling under heavy overloads. 

It is, of course, not beyond the realm of possibility 
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that bridge designers could make use of web buckling 
under working loads as is done in other structural 
design areas. 

The curved soffit in a welded girder does not in- 
crease the cost of fabrication nearly as much percent- 
agewise as it does in riveted girders. Since it is com- 
mon practice to trim both edges of the web before 
welding, trimming to a curve adds little to the cost. 
Also, no prebending of flanges is required. True, 
stiffeners vary in length, but this is not complicated 
by accurate punching of holes as in a riveted girder. 

By using girders spaced at 8 ft-0 in. center to cen- 
ter, all floor systems were eliminated and the concrete 
slab was designed just as for stringer type I-beam 
units. An added benefit resulted from this close 
spacing by allowing some cross frames (diaphragms) 
and all lateral bracing to be designed to serve double 
duty in either tension or compression. This is in con- 
trast to the double cross-braced system in which 
members are too long to act as columns and, there- 
fore, are designed to take tension only. Also, by us- 
ing a structural tee with one side of the flange cut and 
the web connected to the gusset plates, end ec- 
centricities were almost eliminated. This resulted in 
a reduction of the required section in compression 
(see Fig. 5). 


Nominal ¢ Joint ¢ 
Beg € End of Unit 


Figure 6 shows details of the welded expansion 
joints used on this structure. Just after World War 
II, the authors’ organization began using all-welded 
“finger-joints’” made up of rather thin plates with 
stiffening ribs and shims for vertical field adjustment. 
Difficulty in controlling distortions in the shop and in 
adjusting to minor variations in the field led, first, to 
the elimination of unnecessary welding and then to 
the detail used in this structure. Ease of fabrication 
and erection to close tolerances have proved its de- 
sirability. 

Welded bridge shoes (or bearings) have proved 
their economy over and over again by allowing maxi- 
mum latitude in fabrication and in choice of fabrica- 
tors. The field-welded connection to the girders 
allows maximum field tolerance with no lessening of 
utility. The old worries of making holes between 
pier, shoe and girder match exactly, especially under 
difficult conditions of location over water, etc., are 
almost eliminated by the adjustment allowed by field 
welding. 

The next point may be ‘“‘touchy”’ to some, but of ut- 
most importance to all. No one material is best for 
all applications when used by itself to the exclusion of 
all others. Concrete would be used to a much 
smaller extent if the idea of using reinforcing steel had 
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Fig. 6—Expansion-joint details 
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Fig. 7—Plate-girder details 


not evolved. At the same time, steel would not be 
nearly so useful without concrete for fireproofing, 
corrosion protection and for buckling stability. 
Along the same line, riveted or bolted construction 
becomes more flexible when properly combined with 
welding in the shop and in the field. With the avail- 
able choice of materials and connection methods now 
increasing rapidly, one must keep pace by using each 
to its best advantage and all together in their cpti- 
mum combination. Therefore, it is the authors’ con- 
tention that the brightest future for welding in long 
span structures may lie in its combination with other 
methods; and, conversely, that of other methods in 
welding. Figure 7 illustrates this point. Allowing 
alternate bolted or welded field splices at the option 
of the contractor, provides him with the greatest lati- 
tude possible and thereby, necessarily, reduces the 
cost of construction. 

It must also be noted that by the use of welded- 
plate fabrication, even the bolted splice becomes 
extremely simple. Furthermore, by locating the 
splices at points of low moment, no excess material in 
the girder section itself is needed to compensate for 
the metal lost by the holes. On the other hand, if the 
contractor feels he could devise an erection scheme 
which would allow the girder sections to be quickly 
and surely placed and held for field welding, he has 
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complete freedom to do so, thereby saving the cost of 
splice plates and bolts. Welding is now generally the 
most economical method of fabrication and field con- 
nection. Its great future possibilities in long-span, 
heavy construction should not be crippled by narrow- 
mindedness in insisting on welding to the exclusion of 
all other methods of joining structural members. 

Another point which needs some emphasis is the 
need for design which will allow future widening. It 
has become an axiom with those in the highway field 
that it is almost impossible to build a bridge or a 
highway wide enough. Everyone has seen widening 
under way or been impressed by the need for widen- 
ing of existing structures. The type most easily 
widened is the deck girder type used on the Buffalo 
Bayou Bridges; a “stringer’’ type without floor 
system. Again, welding is almost indispensable as a 
means to accomplish future expansion by allowing 
connections without heavy field drilling of holes or 
the exactness of fit which is so difficult to attain when 
altering an existing structure. 

Due to the large change in section from positive to 
negative moment areas, a variable dead load was 
used. Otherwise, moments and shears were calcu- 
lated using the usual methods for indeterminate 
structures and in accordance with the standard 
AASHO Specifications. 
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Fabrication 

These bridges were fabricated following methods 
and procedures set forth in the AWS and Texas High- 
way Department Specifications. 

Butt-welded shop splices in flanges and web plates 
were made manually using E6016 (low-hydrogen) elec- 
trodes and extension bars before assembly of flange to 
web for any one section of girder. The root of each 
butt-welded joint was gouged into sound metal be- 
fore starting the root pass on the second side of the 
joint. To insure a tight and square fit to the flange, 
each edge of the web plate was trimmed prior to as- 
sembly with the flange. This has become almost 
standard practice and is highly recommended. 

The semiautomatic submerged-arc method was 
used in welding flanges to web, after which, stiffeners 
were fitted and welded to the compression flange as 
indicated on the plans. After completion of welding 
on any one shop section, the ends of the girder were 
trimmed to length and prepared for field splices. In 
addition to visual inspection, radiographic photo- 
graphs were taken of critical flange splices (high de- 
sign-stress fluctuation) to insure high-quality welds. 

All steel in the plate girders was ASTM A373 weld- 
able steel, and that in the secondary members was A7 
structural steel. 


Erection 

Erection began at each end of the 668 ft-0 in. plate 
girder unit with the setting of the end 123 ft-8 in. 
sections on the transition bents and one falsework 
bent in each end span. This was followed, first by 
cantilevering the 30 ft-0 in. sections beyond the false- 
work bents, and then setting of the deepened 90 ft- 
0-in. sections over the interior piers. The falsework 
bents were then removed and the 30 ft-0 in. sections 
in the center span were cantilevered over the channel. 
All of this was accomplished from the ground with 
crawler cranes. 

The final closing sections in the center of the main 
span over the water were lifted in pairs (two adjacent 
girders assembled with diaphragms) directly from a 
barge. Small motorized winches mounted on the end 
of each cantilevered section were used to hoist the 
closing sections vertically into position. Due to the 
type of design, the heaviest section weighed only 
about 45,000 lb and permitted handling by readily 
available medium-sized equipment. 

The method of welding diaphragms and lateral 
bracing, together with the field weld between the 
shoes and girder flanges, allowed far more tolerances 
in construction than would have been possible in 
bolted or riveted work. This and other tolerances re- 
sulting from welding were recognized by the con- 
tractor and were reflected in his low-price bid for 
structural steel in place. 


Future Long-Span Possibilities 

The future of welding in long spans can be un- 
limited. It is not that yet but, with the proper lead- 
ership, it is hoped that it will be. No other method is 
so well suited to the fabrication of long members, 
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whether they be girders, arches, trusses, or stiffening 
girders and towers on suspension bridges. No other 
method can use all the metal to its fullest—no lost 
holes or extended laps at joints—nor can any other 
method be adapted to such rapid assembly-line pro- 
duction with the resulting savings in labor and capi- 
tal investment. However, as is well known, welding 
is not the universally used method that these quali- 
ties would seem to indicate. 

Welding has two main stumbling blocks. First, 
too little research in structural design has been done 
toward learning to use its full potential. Secondly, 
there are too many people with “iron curtain’? minds 
who steadfastly refuse to admit that someone might 
be able to improve on their way of doing things. All 
too often, these people, highly capable in the ways 
they know best, are also in positions of authority in 
deciding what a design specification should, or should 
not, allow. When such decisions are made, there 
must, of necessity, be some conservatives to balance 
those who are overly radical. However, in many or- 
ganizations, those who “‘play it safe” in personal con- 
tacts as well as in technical design are the ones who 
finally arrive at the head of an organization and are 
responsible for administrative and policy decisions. 
It is these people who need to realize that ‘“‘playing it 
too safe’’ results in “‘playing loosely”’’ with the public’s 
money. 

Specifically, following are some points which are 
lagging and which may determine the future of weld- 
ing in long spans: 

1. Plate-girder webs should be designed, not 
pulled out of a rule book. They can safely be made 
thinner than now allowed and the rather arbitrary 
and contradictory requirement that the stronger the 
steel, the thicker and heavier the web, can be modi- 
fied. This provision in the latest AASHO Specifica- 
tions now eliminates high-strength steels from the 
long-span plate-girder competition. 

2. Stiffened thin plate can be safely and economi- 
cally designed for compression and shear stresses. 
The vast use of stiffened thin plate in aircraft, ships, 
automobiles and, in fact, almost everything else ex- 
cept civil-engineering structures should give ample 
background to allow going ahead. 


3. There is needed more factual and understand- 
able information on fatigue strengths (as fabricated ) 
plus more information on expected live loads causing 
stress fluctuations in service. Lacking this, it is often 
necessary to over-design in order to be certain of the 
safety of the structure. 

4. It is possible to take advantage of the rigidity 
of welded joints in trusses while eliminating the dis- 
advantages. Some further study on this would be 
justified. 

5. Development and use of highly mobile radio- 
graphic units, portable hardness testers, equipment 
for determining the effect of temperatures reached in 
fabrication on brittle fracture and fatigue strength, 
all usable by the average inspector, must proceed 
and accelerate in order to gain the universal confi- 
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Fig. 8—Erection sequence 


dence so vital to welding progress. 

6. More general concern and less self-centered in- 

terest are needed on the part of all steel manufactur- 
ers, especially in the application of the high-strength 
steels now available. 
7. Reasonable and consistent factors of safety in 
structures must be developed. Design based on al- 
lowable stresses commonly causes actual factors of 
safety to vary from about one and one-half to six or 
so in different parts of the same structure. 

There are dozens of more points which need iron- 
ing out; many, no doubt, forgotten behind the writ- 
ers’ own “iron curtain”’ minds. 

It may have been noted that most of the foregoing 
items point toward the use of thinner sections. This 
is because the authors believe that the future of 
welded long-span structures is inseparably tied to 
the proper use of high-strength steels, which means 
thinner sections and less dead weight and which, in 
turn, means greater efficiency. It is deplorable that, 
in a medium long span structure, up to 75% of the 
allowable stress is used to carry dead load, leaving 
only 25% for live load. It is even more deplorable 
that no specification recognizes that, with a heavy 
percent dead load, there is a much greater actual 
safety factor. An example of this is given in Table 2 
using A7 steel, with a yield stress of 33,000 psi and a 
design allowable of 18,000 psi. 

Many other factors also increase the safety factors 
shown in Table 2 far beyond reality. One is the 
probability of actually receiving the specified design 
load. While it would be quite conceivable that a 
40-ft span would be called on to carry a single 
H20-S16 truck quite often during its life, it is much 
less likely that a long line of trucks positioned in the 
worst possible arrangement would occur very often, 


Table 2—Typical Factors of Safety 


Total 
Addi- nmumber 
tional of live 
General stress loads at 
range Dead Live available’ yield 
of span Dead Live load load toyield stress = 
length, load, load, stress, stress, stress, factor of 
ft % % psi psi psi safety 
Less than _ 

40 25 75 4,500 13,500 15,000 2.11 
40 to 90 50 50 9,000 9,000 15,000 2.67 
200 to 400 75 25 13,500 4,500 15,000 4.33 
Over 800 90 10 16,200 1,800 15,000 9.33 


if ever, in, say, a 500-ft span. This means that, es- 
pecially when fatigue is a factor, ignorance is admit- 
ted by failing to understand the actual factors of 
safety involved. 

To heap insult on injury, present specifications do 
not even allow a crack in the door for those who are 
able and willing to improve their designs. 

Since the subjects of welding and oxygen cutting, 
especially in connection with high-strength steels, 
always bring up the old subject of fatigue and brittle 
fracture, the subject of intelligent open-mindedness 
in design specifications and in practice should be the 
greatest single concern of all those interested in econ- 
omy of bridge design. With the great majority of 
bridges now being constructed by public funds, 
everyone now has a personal stake in getting the 
most for their money. 

Dedicated and unprejudiced cooperation among 
research groups, industry and design engineers could 
bring a new era to the science of bridge design, pro- 
vided that all concerned allow it to be so. 
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Fig. 1—Complete ‘‘double-jointing” yard using submerged-arc welding 


Submerged-Arc Welding on the Pipe Line 


is being currently used to double joint large-diameter pipe, resulting in better uniformity 
of weld, controlled welding conditions and greater daily construction footage 


BY WILLIAM B. HANDWERK 


Submerged-arc welding is being used currently in 
the pipe-line industry to “double joint’ large- 
diameter pipe. Double jointing is the art of aligning 
two joints of pipe and applying a circumferential 
or girth weld, thus doubling the length of pipe. 

The construction of a pipe line is a multioperation 
task, with the speed of each operation dependent 
on the one preceding it down the right-of-way. 
Consequently, the pipe line can grow no faster than 
the speed of the slowest operation. Normally the 
process of positioning, aligning and applying the 
first weld to each section of pipe as it is attached to 
the pipe line sets the pace for the entire job. With 
the introduction of the 80-ft double joint, pipe-line 
growth can be increased up to 70%. 


The Evolution of Double Jointing 

The practice of double jointing pipe is by no 
means new to the pipe-line industry. In the early 
days, the pipe was lined up manually and rolled 
along skidways to apply a manual weld. Then 
turning rollers were added to the system and even- 
tually power was added to the rollers. 

With the introduction of submerged-arc welding, 
semiautomatic welding fixtures were developed to 
assist the pipe-joint alignment problem and to 
provide a method of pipe rotation which is required 
by submerged-are welding. In the semiautomatic 
process, the first two beads were applied manually. 
This required six to eight welders to produce suf- 
ficient prewelded double joints for the submerged- 
arc welding head which applied the last two weld 
beads. Although with this system adequate pro- 
WILLIAM B. HANDWERK is Chief Engineer for M. J. Crose Manu- 
facturing Co., Inc., Tulsa, Okla. 
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duction was possible, the quality and control of 
the welds were dependent on the initial manual 
beads. As long as it remained necessary to apply 
manual welds preparatory to submerged-arc welding, 
the finished weld was subject to personalities and 
inhibitions of the pipe-line welder. 


Components and Operational Procedure 
The fully automatic double jointer made it possible 


for the first time to weld two large-diameter pipe 
joints together under fully controlled automatic 


Fig. 2—External welding machine 
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quality conditions. By using such equipment, 
the weld structure is in no way dependent on manual 
welding, and can be duplicated continuously. 
To accomplish this, it was necessary to develop a 
technique in which the backing offered by the 
manual weld could be eliminated. This was 
achieved by first removing some 70% of the normal 
30-deg bevel found on the pipe ends. The use of 
a high-cycle self-aligning graining device was 
developed to bring about this result. The land 
produced from grinding is approximately */,, in. 
as compared to the normal '/;, in. The second 
step is to butt the two joints firmly together, which 
is a definite deviation from the '/,,-in. gap usually 
maintained in standard pipe-line welding practices. 
With the use of the butt joint and large land, it is 
possible to control the penetration of submerged- 
arc welding to the point of almost-perfect continuity. 
Backing shoes are used on the inside of the pipe to 
protect the weld from any incidental overpenetration. 

The success of any piece of equipment is naturally 
dependent upon its production rate. Thus, the 
above steps were incorporated in a machine that 
offers the ultimate in pipe-handling automation by 
using push-button control for all pipe movement. 

The pipe joints are brought from the stockpile 
and placed on the incoming racks shown on the left 
side of Fig. 1, where they are rolled into the grinding 
area. Here the ends to be welded together are 
ground and buffed preparatory to welding. Hy- 
draulically actuated skid trips are employed to 
load and unload the station rapidly. The grinding 
fixtures are suspended from gantries to facilitate 
handling. From here the pipe is moved along the 
skidways to the trips adjacent to the external 


Fig. 3—Floating-carriage unit 


welding unit. With push-button control, these 
trips are used to load the pipe into the external 
welding unit shown in Fig. 2. The pipe is lowered 
onto longitudinal power rollers by hydraulically 
actuated cradling arms. Incorporated in these 
arms are small idler turning rollers which allow the 
operator to rotate the pipe the necessary amount to 
obtain the required longitudinal weld-seam align- 
ment. The pipe is then lowered onto longitudinal 
rollers which are powered so that joints can be 
brought together under the welding head. At 
this time the clamp nest, as indicated in Fig. 5, is 
brought into contact with the far end of the pipe by 
electrical means, and the internal clamp is moved 
down the inside of the pipe until it reaches the 
joint location. 'To provide a fast method of aligning 
warped or bent pipe, which is the rule rather than 
the exception, it necessitated the movement of the 
single joints in either the vertical or horizontal plane, 
or any combination thereof. Movable longitudinal 
roller mounts were designed to fulfill these functions. 
Of the four transverse rollers shown in Fig. 5, 
one is hydraulically powered vertically, the center 
two have horizontal motion and the roller nearest 
the clamp nest remains in a fixed position. Thus 
the weld joint can be moved either horizontally or 
vertically, as needed, to achieve perfect alignment. 
Also, an inside line-up clamp is used simultaneously 
to assist in alignment and maintain concentricity. 
The pipe positioning and alignment are accomplished 
in approximately one minute. Pivot-mounted 
rollers hydraulically elevate the pipe from the trans- 
verse rollers and provide the necessary pipe rotation 
required for welding. 

During the line-up process, the bottom side of 
the joint is deliberately brought in contact, and a'/s- 
in. gap is maintained at the top. A 2-in. tack is 
manually applied to the bottom which is the only 
manual welding involved in the entire process to 
maintain joint abutment. The turning rollers are 
so positioned that, as they lift the double-jointed 
pipe from the longitudinal rollers, the gap is closed 
and put under compression while the manual tack 
has a slight tensile load applied to it. Although 
this step is somewhat unusual, it is a characteristic 
feature to assure a tightly butted joint. After the 
pipe has been raised by the turning rollers, the 
welding-head carriage is lowered over the joint. 
This carriage actually rides on top of the pipe and is 
equipped with a floating mechanism that auto- 
matically compensates for any out-of-roundness or 
warpage found in the pipe. The off-center location 
of the electrode, the welding angle and flux-nozzle 
height are predetermined by preliminary testing 
and held constant throughout the operation. The 
only additional adjustment required is in a longitu- 
dinal direction, which is controlled by the operator 
during the entire weld. Consequently, the tracking 
operation is the only duty the operator is concerned 
with during the actual welding period. 

Pipe-rotation control is connected in parallel with 
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the arc-starting button of the welding-head control 
panel, which assures pipe rotation simultaneously 
with the starting of the weld. After the welding 
head, Fig. 3, is positioned over the weld, two external 
submerged-are beads are applied to the outside 
of the pipe. The welding-power requirements will 
be discussed later in the text. By remote control, 
the second bead is applied at a slower speed, thereby 
allowing the operator to make the second bead 
without stopping. 

Following completion of the external weld, the 
floating carriage is lifted hydraulically while the 
pipe is being lowered onto the transverse rollers 
for removal of the internal line-up clamp. As 
the clamp is removed, kick-out arms eject the pipe 
from the line-up rack. The pipe rolls on skidways 
from the external welding unit to the internal welding 
rack, Fig. 5. Feed trips are incorporated in the 
skidways adjacent to the internal welding rack as an 
indexing means of pipe handling. As a completed 
joint is ejected from the internal welding unit, 
lowering-in-arms are raised to receive the new joint. 
The pipe is lowered onto two pairs of turning rollers 
built into the rack, Fig. 4. One set is powered 
with a variable-speed unit controlled by the internal 
welding operator. To apply the internal weld, 
a submerged-arc automatic welding head is mounted 
on the end of a 50-ft boom. The back end of the 
boom is supported on a powered car. The operator 
is located on the forward end of the boom in a prone 
position. The operator not only controls the welding 
head, but also the forward-end reverse progress 
of the boom, and the rotation of the pipe. Electrical 
interlocks are used as safety devices so that the 
pipe cannot be ejected while the operator is inside 
the pipe. The off-center location of the electrode, 
the flux-nozzle height, and welding angle are pre- 
determined by trial and error as in the external 
welding, and once again, after they are established, 
remain constant throughout the job. When the 
operator starts his weld, his only duty is to guide 
the electrode over the joint. The forward end of 


Fig. 4—Internal welding machine and boom arrangement 


674 | JULY 1959 


the boom is supported by small rollers which auto- 
matically maintain predetermined setting of the 
welding head regardless of any out-of-roundness or 
warpage found in the joint. Upon completion of 
the weld, the boom is retracted and the completed 
double joint is ejected from the rack with kick-out 
arms onto storage racks or waiting trucks. The 
internal welding currently requires an operator 
inside the pipe which limits the pipe diameter to a 
minimum of 22 in. 


The Resultant Weld 

The weld is perfected by the proper selection of 
amperage, voltage, welding speed, off-center position 
and the electrode angle. Penetration is restrained 
by making the first external bead at a high speed of 
90 to 100 ipm, while fusion is maintained by using 
approximately 1100 amp and 35 v. The offset 
distance between the vertical centerline of the pipe 
and the electrode, as well as the angular position 
of the electrode, have definite effects on the bead 
characteristics and degree of penetration. This 
necessitates their adjustment whenever pipe diam- 
eter or wall thickness is changed. 

The second bead, or ‘“‘cap-weld,”’ is made at a some- 
what slower speed, i. e., approximately 65 ipm at 
90 amp. The slower speed about doubles the 
amount of metal deposit needed to fill the remaining 
groove. This final external bead also penetrates 
about halfway through the first weld, guaranteeing 
absolute fusion between the two beads as well as 
the base metal. 

The inside weld is applied at a welding speed of 
55 to 60 ipm, 800 amp and approximately 32 v. 
The resulting bead protrudes from the inside surface 
of the pipe about '/,, in. and penetrates almost 
completely through the remaining portion of the 
first bead. The inside weld has been the secret 
in producing a weld considered to be far superior to 
any heretofore found in the pipe-line industry. 
It assures complete penetration, full strength and 
a smooth weld surface completely void of “‘icicles.”’ 
This quality is desirable from a pipe-line standpoint 
because it lowers the joint coefficient of friction 
and eliminates potential snags for the “‘pig,’”’ which 
must be passed through the pipe line upon comple- 
tion. 

The finished weld has been found to be capable 
of passing 100% X-ray inspection. In fact, in a 
recent job completed in Canada entailing some 40 
miles of pipe, only three welds were rejected, and 
these were made in the early stages at which time 
proper heats and speeds were being established. 
On the same job, it was proved that preheating was 
not required for welding temperatures of 25° F 
below 0° with submerged-arc welding. This was 
attributed to the high welding heats used in sub- 
merged-arc welding. Under microscopic examina- 
tion, the grain structure was found to be much 
finer than the base metal and complete fusion was 
readily seen. Straps cut from the pipe, as in 
standard pipe-line practice, had no trouble in 
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Fig. 5—Yard-layout drawing 


passing the required test of tensile, root bend, 
face bend and nick break. Due to the consistency 
of the welds in this process, it has been common 
practice to reduce the inspection frequency to a 
minimum. In some cases, the X-ray inspection 
was reduced to 10%. This consistency of weld 
quality is possible because all adjustments are 
preset, and there are no variables remaining except 
for the guiding of the electrode in the weld groove. 
With only one thing to consider during the actual 
welding time, the operator can be very effective in 
guiding the electrode. Further, push-button con- 
trols achieve any desired pipe movement or machine 
operation; thus, maximum efficiency of the operating 
personnel is possible throughout the entire workday. 


Benefits and Economies of Double Jointing 
Benefits achieved by using submerged-arc welding 
for pipe-line construction are, mainly, greater 
uniformity of the weld, controlled welding condition 
as described previously, and the money saved in 
greater daily construction footage gained in laying 
the pipe line. The economies of double jointing 
can be described best by the following hypothetical 
case. On big-inch pipe, an average job will entail 
approximately 400,000 ft of pipe. If a double 
jointing yard is used, a contractor would have 
5000 welds to make at the yard and 5000 in the field. 
In open country, a pipe line is normally constructed 
at the rate of some 8000 ft per day by welding 200 
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single 40-ft joints. Although the increased length 
of double joints will reduce the number of tie-in 
welds to 160 per day, a yield of 12,800 ft of pipe line 
can be expected; this is a net gain of 60%. A 
conservative figure for big-inch pipe is $3 per day 
laid. Assuming that all other pipe-line operations 
maintained the increased footage, a contractor’s 
gross income would be increased $14,400 per day, 
or $275,000 for the over-all Naturally, 
yare cost per weld would have to be deducted from 
this figure. The yard weld is usually less than half 
the cost of a field weld. 

There are other hidden savings in using double 
joints. The hauling and stringing of pipe are usually 
limited to volume rather than weight. Therefore, 
a stringing truck can carry almost as many double 
joints as single joints. In the bending of pipe, 
bends can be made to within only 4 ft of the joint 
end. Frequently a bend is required near the end of 
a joint, which entails an additional weld on a short 
section of pipe so that the bend can be made. By 
using double-jointed pipe, this costly inconvenience 
is lowered more than 50%. The usual procedure of 
uncoupling the pipe as it is fed into the bending 
machine and recoupling on the far end can be 
eliminated by putting the required bend into the 
first 40 ft of the double joint. Each job will reap 
other benefits in having half of the weld for the 
project done by an automatic double jointer as 
the pipe line progresses down the right-of-way. 


job. 
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Fig. 1—Positioning inert-gas consum- 
able-electrode torch in place for fabri- 
cation of heavy-wall aluminum cylinders 
with modified square-butt technique 


New Developments 
in the 


Welding of 
Aluminum 


indicate that it can be expected to find more and more use as a Structural 
material for aircraft, missiles, pressure vessels and bridges 


BY R. L. HACKMAN 


Introduction 

The growth of aluminum as a structural metal for 
missiles and items such as bridges and pressure 
vessels is tied very directly to the ability to weld this 
material. This situation has been greatly helped in 
recent years by the development of readily weldable 
aluminum-magnesium alloys which are cold worked 
and, therefore, do not suffer the same loss in properties 
as experienced with some of the older precipitation- 
hardening alloys. In the past, aluminum has been 
welded with oxyacetylene and oxyhydrogen processes 
and, to some degree, with covered electrodes. 
However, with the development of the more modern 
and faster inert-gas processes, and with the develop- 


R. L. HACKMAN is Project Engineer at the Development Laboratory, 
Linde Co., Division of Union Carbide Corp., Newark, N. J. 
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ment of resistance spot welding in the aircraft 
industry, the former methods have largely been 
abandoned. 

Despite their superiority, inert-gas processes have 
been subject to limitations. In welding aluminum 
plate, for example, it was once impossible to weld 
at currents over 400 amp with the inert-gas con- 
sumable-electrode process without having a wild 
arc develop and disrupt the puddle, thereby resulting 
in severe oxide folds between weld-metal layers. 
Although attempts to overcome this situation were 
partially successful with improved gas shielding, 
special and rather bulky equipment was required. In 
similar fashion, it was difficult to develop suitable 
equipment which could simply and consistently feed 
small 0.030- to 0.046-in. diam wire to the arc. This 
lack hampered efforts to weld very thin aluminum 
sheet with the inert-gas consumable-electrode proc- 
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ess. Likewise, rigid requirements of cleanliness 
have presented difficulties with respect to efforts to 
replace the use of rivets and bolts with the inert- 
gas spot-welding processes. 

Against this background of events, recent develop- 
ments in the welding of aluminum represent signifi- 
cant advances in the art. Specifically, these are as 
follows: (1) the development of new, simplified 
welding techniques whereby the inert-gas consum- 
able-electrode process may be used to weld thick 
plates in fewer passes and at greatly increased speeds; 
(2) the use of welding wires with less than */,, in. 
diam for joining light-gage materials by means of 
the inert-gas consumable-electrode process; (3) 
extension of inert-gas consumable-electrode spot 
welding to aluminum along with the application of 
plug welding to greater than 0.200-in. thick material 
without the development of cold laps; and (4) the 
successful laboratory application of tungsten-arc 
spot welding to aluminum, including work-harden- 
able alloys. 


Piate Welding 
Development of Square-butt Technique 

As now known, the welding of aluminum plate 
with the inert-gas consumable-electrode process 
normally calls for the preparation of beveled edges. 
Welding is carried out from one side and, after 
back chipping, from the other. Several stringer- 
bead passes on each side are ordinarily required to 


MANUAL WELD 

PLATE: 5/32* 

WIRE 3/64" 6356 OXWELD #67 
SHIELDING GAS: ARGON 


FILED EDGE rl. 
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Fig. 2—Effect of plate-edge cleaning 


complete the joint. For example, ordinarily 1'/,-in. 
thick plate would be prepared with beveled edges 
and three passes would be made from each side at 
4 ipm per pass. As presently practiced, the current 
for this operation would be limited to approximately 


400 amp, because attempts to exceed this value 
would ordinarily result in an unstable arc, thereby 
resulting in severe oxide folds and porosity. 

Investigators have realized that it would be 
possible to weld the heavy plate in fewer passes if 
the 400 amp limit could be extended. Also, the 
additional input of heat would tend to reduce 
porosity, since any porosity-forming gas in the 
metal would bubble out of the weld before freezing 
occurred. Although many theories have been 
offered as to why the limit of 400 amp could not be 
exceeded, attempts to reduce these theories to 
practice wherein the undesired effects could be 
eliminated have not proved particularly fruitful. 
Recently, however, it was possible to extend greatly 
the permissible current levels in aluminum welding. 
Although it is not clear to just what changes in the 
art this improvement in current range can be 
attributed, a number of forces appear to be at work 
simultaneously. These include improvements in 
gas purity, shielding, wire quality, and the intro- 
duction of slope-controlled constant-potential power 
supplies. 

The use of higher welding-current levels during 
welding has made it possible to simplify greatly 
the preparation of plate edges. ‘The welding oper- 
ation is often carried out in one pass from each side, 
and at a much greater speed per pass than previously 
obtained. Back chipping is rarely required, and 
welding in one pass instead of several stringer-bead 
passes greatly reduces the total heat input. This 
reduction means less distortion and, in the case of 
heat-treatable alloys, it gives better as-welded 
properties. 

This form of welding often utilizes a square-butt 
joint preparation and may sometimes be termed 
“‘square-butt welding.’’ Perhaps, a more accurate 
term is simply ‘“‘high-current welding.” 


Square-butt Welding Requirements 

No matter how termed, the application of square- 
butt welding calls for a careful consideration of 
several factors. First, the torch—-whether manual 
or mechanized—must be able to pass 80 to 100 cfh 
of argon without excessive turbulence. Next, the 
welding wire must be free of foreign material. 
Furthermore, the edges of sheared aluminum plate 
must be cleaned by the removal of surface metal in 
which grease from the shearing operation may have 
become imbedded. Both the surface condition of the 
welding wire and of the sheared edges of aluminum 
plate represent conditions to which too little atten- 
tion may have been given in the past. 

Figure 2 shows the importance of plate- or sheet- 
edge cleaning. As shown on the left half of the 
photo, the edges of each of two butted sheets were 
filed after shearing; the right halves were left as 
sheared. The top X-ray shows the results after 
the first pass. The center X-ray shows the results 
after back chipping and applying a second pass from 
the opposite side. The bottom view is the result 
after chipping out the first pass on the right side 
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Fig. 3—Typical square-butt 
and conventional welds in 
thick 5356 aluminum 
plate as made with inert- 
gas consumable-electrode 
process. (Views B, C, D 
and E correspond to welds 
B, C, D and E in Fig. 4) 


E 
A 3 c F 
NO. OF PASSES 7 6 2 
TECHNIQUE OPERATION MECHANIZED MECHANIZED MECHANIZED MECHANIZED MECHANIZED MANUAL 
oe WELOING WIRE 1/16" 5356 1/16" 5356 3/32" 5356 3/32" 5356 3/32" 5356 1/16" $356 
PROCEDURE SMIELOING GaS 75% WELIUM® ARGON ARGON ARGON 75% WELIUM® ARGON 
WLTIMATE TEMSIL 42, 200 42, 900 43, 200 41, 100 40, 900 43, 500 
STRENGTH (P.S. 1.) 
PHYSICAL 
ELOMG. 2 INCHES 12.5% 13.5% 11.0% 13. O% 14.08 14.5% 
Data 
BEND RESULTS (MOTE THAT 3 OF 3 PASSED 3 OF 3 PASSED 0 OF 4 PASSED 3 OF 3 PASSED 3 OF % PASSED 3 OF 3 PASSED 
STamOARD 1S 6-2/3 T) aT; OF OF “T; 1 OF TEST TEST TEST 
PASSED 6-2/3. PASSED 6-2/37 PASSED 6-2/3T. 
(CU.FT./FOOT OF wELD) 
cost 
Amc Tine 3.8 3.3 1.0 1.0 1.4 1.7 
(Mim. /FOOT OF WELD) 
FacTORS 
WELDING wiRe 0.24 0.23 0.13 0.18 0. 16 0. 16 
(LB. /FOOT OF wELD) 


* BALARCE ARGON 


Fig. 4—Comparison of physical test results and cost factors for inert-gas 


consumable-electrode welds in '/.-in. thick 5356 aluminum plate 


of the plates, and only then applying a new or 
third pass. It is obvious that the porosity must 
have been generated from imbedded dirt in the as- 
sheared edges. If the porosity had come from the 
welding wire, which incidentally was a random 
selection from commercial stock, or from improper 
shielding; there would be no reason to expect any 
reduction in porosity from pass 1 to pass 3. 

The selection of appropriate power supplies 
constitutes another factor which is important in 
high-current welding. Recently developed constant- 
potential power supplies which incorporate slope 
control are beneficial in achieving the necessary 
higher welding current ranges. Actually, the intro- 
duction of slope control in a constant-potential 
power supply means a departure from true constant 
voltage in the direction of the conventional or droop- 
ing power supply. Considering this, it is not 
surprising to note that extremely good results have 
also been obtained with some conventional power 
supplies. However, in adapting present-day equip- 
ment to the higher currents, the operator is warned 
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to reconsider the rating of torch and welding machine 
since previous welding probably was carried out at 
considerably lower current values. 

Ordinarily for plate up to about °/, in. thick, a 
square-butt joint prepared with tungsten-arc cutting 
or machined or filed after shearing will be adequate. 
Although over °/; in. thicknesses can be welded with 
a true square-butt joint, the amount of reinforce- 
ment may be regarded as excessive for some appli- 
cations. Where reinforcement must be minimized 
or avoided, both sides of the joint may be veed to 
the amount required to provide space for the filler 
metal so that excess reinforcement is not produced. 
It should be borne in mind, however, that the degree 
of veeing required with this technique is considerably 
less than the normal conventional double-vee 
joint. The nose is quite thick and, in most cases, 
will represent about one-half the thickness of the 
plate. The joint preparation is not critical and, 
therefore, does not have to be machined to the same 
degree of accuracy as the conventional joints. 
Furthermore, the expense of back chipping is 


4 B 


eliminated. The cost of removing the excess metal 
produced with the square-butt joint should be bal- 
anced against the cost of preparing the edges, etc. 


Results 

View C in Fig. 3 shows a cross section of a typical 
square-butt weld prepared in '/.-in. thick aluminum 
plate. In this case, the joint was a true square butt, 
and no beveling was utilized to reduce weld rein- 
forcement. This weld was made with argon shield- 
ing. In Fig. 3, View D also shows another weld 
with the same joint preparation and argon shielding. 
In this case, the weld was made with one pass from 
one side into a backup which was later machined off. 
View E of Fig. 3 shows a weld made with 75% 
helium and 25% argon, again using the same joint 
preparation as the previous two. View B of Fig. 
3 shows the cross section of a weld made with con- 
ventional stringer-bead passes. In this case, five 
stringers were utilized, and the joint was a conven- 
tional single-vee bevel. 

When investigating the physical properties of 
welds prepared with the square-butt technique, it 
was decided to prepare butt joints in '/.-in. thick 
5356 aluminum plate. The variables to be evaluated 
were as follows: (1) argon and argon-helium mixtures, 
(2) single and double passes and (3) manual and 
mechanized welding. Also, samples were made 
with the stringer-bead technique and a single-vee 
joint preparation, to compare with square-butt 


joints. The results of these tests are summarized 
in Fig. 4. It will be noted that the ultimate tensile 


strength, the elongation, and bend-test results do 
not vary widely from one method to another. The 
somewhat lower ductilities, which are accompanied 
by slightly higher ultimate strengths, can possibly 
be attributed to higher welding speeds. It will 
also be noted that the majority of samples passed a 
4 T bend and that all would pass a 6*/; T-bend test. 
In those cases where all welding was from one side, 
the root-bend tests were used. The standard under 
MIL-E-0016053F (ships) is 62/;T. Therefore, the 4 
T bend is well in excess of that required. 

Test results indicated that equally sound welds 
may be obtained with either conventional methods or 
the square-butt technique. However, it can be 
readily seen that the square-butt technique holds a 
considerable economic advantage over the stringer- 
bead technique. Savings associated with the square- 
butt technique are particularly noticeable when 
results obtained with the 75% helium and 25% 
argon mixture are compared to results obtained with 
100% argon. Gas consumption is greatly reduced in 
the case of the square-butt technique when using 
argon. Welding time is also greatly reduced while 
wire consumption with the square-butt technique is 
only approximately one-half that utilized in the 
stringer-bead technique. 

Square-butt welding offers considerable advantages 
from an economic standpoint and compares favor- 
ably with other techniques with respect to physical 
properties. However, weldment buildup may be 


regarded as excessive for some applications or 
code requirements. Earlier it was stated that a 
modification of the true square-butt preparation is 
made sometimes for the purpose of reducing weld 
reinforcement. This amounts to a simple mathemat- 
ical calculation to determine, at a given progression 
speed, how much wire is being burned off and how 
much space is required to absorb it. For example, 
Fig. 5 shows a weld in which one side was veed 
approximately one-third of the plate thickness in 
order to absorb the filler metal; the lower side was 
left as a normal square-butt joint preparation. It 
should be pointed out, however, in examining Fig. 
5 that no effort was made to obtain the maximum 
penetration which is possible with the technique. 
This weld was prepared merely for the purpose of 
demonstrating the ability to obtain and control 
any degree of weld reinforcement. 

In introducing the square-butt or high-current 
technique for some applications, the observation was 
made that reasonably good alignment of the two 
opposing passes would be required in order to be 
certain that complete fusion between the roots of 
the two passes would be obtained. Here is another 
case where beveling helps to solve the problem. 
In cases where beveling is not needed for control of 
buildup, a very slight bevel can be placed on the edges 
to serve as a lineup for the operator so that he may 
be certain he is squarely over the joint at all times. 

Most welds made with the square-butt or high- 
current technique will yield a water-clear X-ray 
picture well in excess of any of the standard X-ray 
requirements. Even when a particular weld is 
not found to be water-clear, the amount of porosity 
present will be found to be extremely small and 
widely scattered. A typical X-ray result is shown 


Fig. 5—Reduced weld build-up resulting from 
modification of square-butt technique 


Fig. 6—Typical X-ray of square-butt welds in '/.-in. 
thick 5356 aluminum plate (corresponds to ‘'C"’ in Figs. 
3and4 
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Table 1—Mechanized ‘“‘Square-butt’’ Welding Conditions 


Plate Shield- 
thick- Wire ing gas, Welding Current, Approximate 
ness, diameter, argon, No.of speed, amp Voltage,  wire-feed 
in. Type of joint Edge preparation in. cfh passes ipm DCRP v speed, ipm 
'/, *Square butt Tungsten-arc cut or sheared = */,2 80 1 23 370 24 170 
with edges filed 
V/, *Square butt Same as above "Sie 60 2 35 280 23-24 240 
3/, *Square butt Same as above 3/49 80 1 18 420 24-25 200 
3/, *Square butt Same as above 3/39 80 2 28-30 350 24-25 155 
Wy *Square butt Same as above 3/52 Or '/s 100 1 14-15 450 25 3/50 wire-210 
wire-125 
'/s *Square butt Same as above 3/39 80 2 23 430 25 205 
5/5 *Square butt Same as above 3/32 80 2 18 430 25 205 
3/, *Square butt Same as above 3/32 Or '/s 100 2 16 450 25-26 3/50 wire-210 
wire-125 
1 *Square butt Same as above 3/32 or '/s 109 2 10-12 500 25-26 3/59 wire-240 
wire-135 
l'/, “*Squarebutt Same as above 1/s 100 2 8-10 550 26 145 
l'/, ‘Square butt Tungsten-arc cut or sheared °/«, 100 2 8 590 26 130 


with edges filed 


* Nore 
the use of a joint design consisting of grooved or beveled plate edges. 
somewhat higher travel speeds and lower currents than shown above. 


in Fig. 6; welding was from left to right as shown by 
the crater at the right end. 


Field Applications 

Development of the new high-current technique 
has passed the laboratory stage and is now in active 
use for a number of field applications in general 
accordance with operating conditions shown in 
Fig. 7 and Table 1. The first of these is shown in 
Fig. 8 where a large cylindrical section of an off-shore 
drilling rig is being fabricated. In this operation, 


\ 7 MADE WITH 50 CFH ARGON 
AND '\¢-IN. DIAMETER 5356 


FILLER WIRE 


NOSE 


POSITION | TENSILE STRENGTH” | ELONGATION 
2 INCHES 
VERTICAL 41,200 PS! 12.9% 
OVERHEAD 40,400 PS! 13.0% 
HORIZONTAL | 41,500 PS! 133% 


* 
AVERAGE PHYSICAL BASED ON THREE TEST 
FROM EACH OF THREE WELDS 


Fig. 7—Manual butt welds in '/,.-in. thick 5456 H321 plate 


Fig. 8—Application of square-butt 
technique for fabrication of tubular 
aluminum leg section of off-shore oil- 
drilling rig 


A variation of this high-current density technique may be employed whereby weld reinforcement is reduced to a minimum through 


Under such conditions, welding precedures will be the same, with perhaps 


a square-butt weld is made from one side, utilizing 
a U-groove backup. The material is 0.387-in. thick 
5083 aluminum. Welding for this application 
was carried out at approximately 16 ipm with 24 
v and 400 amp, d-c reversed polarity, and with 
*/y-in. diam 5183 aluminum wire. No material 
preparation other than squaring the edges was made, 
and no back-chipping or post-dressing was employed. 
The shielding-gas flow was approximately 80 cfh 
of argon. Figure 9 illustrates the sections joined 
together to form the finished structure. 

A second application is illustrated in the lead 
photograph, Fig. 1, where an inert-gas consumable- 
electrode torch is being positioned over a modified 
square-butt joint in a heavy-wall 6061 aluminum 
cylinder prior to welding. Once welding is under 
way, the torch is held stationary while the cylinder 
is rotated. Welding proceeds at 6 to 8 ipm and 


results in a water-clear X-ray weld with full pene- 
tration. Other pertinent information concerning 
this application is as follows: material diameter 
30 in.; material thickness—1'/, in.; current—-ap- 
proximately 400 amp; volts—27; welding wire 


*/3-in. diam 4043 aluminum; shielding gas—100 cfh 
argon; preheat—none;  fit-up—machined edges 
(°/s in. chamfer); start and stop—6-in. run-off 


pads; number of passes—one from each side. 

Before adopting the square-butt technique for the 
cylinder shown in Fig. 1, it was welded in 6 to 8 
passes using an argon-helium shielding-gas mixture. 
A wide-open vee-joint preparation was used. Pre- 
heating to 350° F was required and was accomplished 
with gas-welding torches in 1 to 1'/, hr. Although 
a water-clear X-ray weld was also required, this 
was obtained only with difficulty. Excessive distor- 
tion was likewise another problem. 


Welding with Small-diameter Wire 


Past Limitations 

As originally reported three years ago, welding 
with the inert-gas consumable-electrode process 
and small diameter wires was limited primarily to 
thin-gage stainless and carbon steels.* Since that 
time, however, the consumable electrode process 
has been extended to include aluminum alloys, with 
which it is frequently desirable to weld with small- 
diameter wires. 

Essentially, what had been learned in developing 
the small-diameter wire system for carbon and 
stainless steels can be applied to aluminum. The 
difficulty with aluminum, however, was mainly 
mechanical and involved developing a way to pull 
or push a small-diameter wire in a consistent manner. 


Equipment 

Suitable equipment has now been developed in 
the form of spool-on-gun torches and also kits to 
adapt standard inert-gas consumable-electrode proc- 
ess equipment so that wire as small as 0.030 in. 
diam may be easily pushed through a 10-ft conduit 
to the welding torch. Figure 10 shows the spool- 
on-gun torch wherein the welding wire is carried 
with the gun and thedriving means is contained within 


the gun. The pull-and-push methods should not be 
considered directly interchangeable. The kit is 
intended primarily where the user already has 


existing inert-gas consumable-electrode equipment 
and wishes to adapt it at a minimum cost both in 
terms of conversion and in operation. The spool-on- 
gun torch is intended primarily for portability 
wherein a few welds may be at one position before 
the operator is obliged to move a considerable 
distance to make his next welds. Obviously, the 
wire on these spools will be expensive. Furthermore, 
because of the driving system employed, weld 
quality cannot be expected to equal that obtained 


* Richter, K. E., and Essig, J. F. M., ‘““Consumable-Electrode Inert- 
Gas Welding with Small Diameter Wires,’ presented at the 1956 AWS 
National Fall Meeting in Cleveland, Ohio, October 8-12, and published 
in the September 1957, WeLp1InG JoURNAL, pp. 893-899 
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Fig. 9—Welded off-shore oil-drilling rig being towed to sea 
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Fig. 10—Spool-on-gun torch for small-wire welding 


with a kit, since the spool-on-gun drive system does 
not have the degree of regulation possible with 
standard equipment. ‘Therefore, the spool-on-gun 
should be considered solely on the basis of the need 
for extreme portability wherein weld quality is not 
of the first consideration. 

The conversion system, or the system in which the 
wire is pushed through the welding conduit to the 
gun, utilizes either conventional or slope-controlled 
constant-potential power. Further, it may be 
operated with either a spray-type or short arc. 
The spool-on-gun unit, on the other hand, is intended 
solely for operation with conventional power and 
only with a spray-type arc. It is not suitable for 
short arcs. The ability of the conversion kit to 
utilize either the short or spray-arc technique offers 
a decided advantage in that the spray-arc type can 
be used on material of greater thickness with ease 
but on extremely thin materials only with difficulty. 
Further, the short-arc technique lends itself to all- 
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position welding on a given joint without readjust- 
ment of the equipment. The short-arc technique 
also permits higher speeds and easier control of the 
weld puddle. 


Process Features 

Small-wire welding with the inert-gas consumable- 
electrode process has reached the point where it 
can be considered a new way of welding for both 
manual and mechanized applications. It represents 
a new tool for both small and large shops. Use of 
the short-arc technique in particular permits a high 
degree of control to be obtained on thin aluminum 
sheet with a minimum of training time. Often it 
can be used profitably as an alternative to tungsten- 
arc welding. 

A significant feature in the small-wire technique 
is shown in Fig. 11, which illustrates the burn-off 
rate in pounds per hour for various current settings 
at different voltages, arc voltages, or arc lengths. 
The relationship shown in these curves is not unique. 
However, this illustration shows a far greater voltage 
range than one would ordinarily experience. In 
the past, the difference in burn-off at a given current 
betweef a 20-v and a 24-v arc was not considered of 
great significance. However, the difference in wire 
burn-off becomes significant when relatively low 
short-arc voltages are considered. For example, at 
115 amp for a 15-v are and a 24-v arc, the respective 


Table 2—inert-gas C ble-electrode 
Spot-welding Starting Requirements 


Aluminum alloy, 


'/ie-in. diam Minimum 
filler wire Volts current, amp 
1100 25 180 
28 200 
4043 24-27 130 
5154 24 360 
28 400 
5356 24 400 
28 250 


rates are 2.3 and 1.9 lb per hr, or a 21% increase in 
burn-off by changing from a spray arc to a short arc. 


Spot Welding 


Inert-gas C ble-electrode Process 

The inert-gas consumable-electrode spot-welding 
process was introduced commercially in 1954. At 
that time it was intended primarily for use on carbon 
steel, stainless steel, and some copper-bearing alloys. t 
The process was not recommended for aluminum 
because of some difficulty in obtaining consistent 
starts, which are essential if uniformly good results 
are to be expected. Subsequent work with results 
as shown in Table 2 developed the fact that, for a 
given wire, there was a voltage and current range 
within which reasonably good starting can be ob- 
tained. Obviously, however, every job or application 
may not fit into this given range due to the particular 
thickness of the material or other considerations. 
The process is still somewhat limited in that, when 
joining sheets of equal thicknesses, it may be 
found difficult to control penetration so that ex- 
cessive underbead formation does not occur. On 
the other hand, in joining a thin section to a relatively 
heavy section, this process limitation does not occur. 
An example is shown in Fig. 12 which illustrates a 
mitered joint made with inert-gas consumable- 
electrode spot welding for use on storm doors or win- 
dows. In this case, a square block of aluminum is in- 
serted inside the joint to form a heavy section. The 
spot welds are then made, and the excess metal is 
quickly removed with a standard rivet flusher com- 
monly used in the aircraft industry. 

Use of the inert-gas consumable-electrode spot- 
welding process for plug welding of aluminum has 
normally been limited to a maximum of */,,;-in. 
thick material. This is due to the tendency of cold 


+ Hackman, R. L., ‘‘Consumable-Electrode Inert-Arc Spot Welding,” 
presented at the 1955 AWS National Spring Meeting held in Kansas 
City, Mo., June 7-10 and published in the September 1955, WELDING 
JOURNAL, pp. 839-845. 


Table 3—Iinert-gas Metal-arc Spot-welding Process Selection Chart 


Bottom sheet 


thickness, in. '/ 39 3/39 
1/42 TA 
hg TA TA 
MAB 
3/s9 TA TA TA 
MA MAB MAB 
'/s TA TA TA 
MA MA MAB 
>) 
TA TA TA 
MA MA MA 
MAB 
TA TA TA 
; MA MA MA 
TA TA TA 
MA MA MA 


Top sheet thickness, in. 


'/s 5/32 
TA 
MAB 
Pp 
MAB MAB 
MA MA 
Pp 
MA MA 
p 


Process designation: ‘TA—Gas-shielded tungsten-arc welding. 
weld back-up. P-—Gas-shielded metal-are plug weld. 


MA—Gas-shielded metal-arc welding. MAB—Gas-shielded metal-arc welding with 
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DEPOSITION RATE (LBS./ HR.) 


50 75 100 125 150 175 
CURRENT IN AMPERES 
Fig. 11—Metal-deposition rates for 0.030-in. diameter 4043 
aluminum wire. (‘Transition point’ indicates change from 
globular to spray type of metal transfer with decrease in 
current) 


laps to develop at the bottom of plug holes. To 
some extent, the use of argon-helium mixtures, in 
preference to argon only, tended to reduce this tend- 
ency although it did not represent a complete solu- 
tion. By modifying the normal joint design, how- 
ever, consistently good results have been obtained on 
up to '/,-in. thick material with complete freedom 
from cold laps. 

Reference to Fig. 13 will show the preferred joint 
design for joining '/,-in. thick plate to an aluminum 
casting. This new joint design tends to move the 
heat sink away from the interfaces of the joint, 
thereby permitting complete fusion to occur at this 
point. 


Tungsten-arc Developments 

Unlike past experience with the inert-gas consum- 
able-electrode spot welding, the tungsten-arc process 
offers reasonably good starting characteristics. 
Actually, investigation of spot welding aluminum 
with the tungsten-arc process preceded development 
of the consumable-electrode process by some four or 
five years. However, difficulties were experienced 
in obtaining consistently satisfactory weld nuggets. 
This led to development of the consumable-electrode 
process as a solution to the difficulty. As has been 
pointed out, however, only a limited degree of success 
was obtained. Therefore, it was decided to reinvesti- 
gate the tungsten-arc process, because it is relatively 
free from starting difficulties, and because of further 
improvements in starting techniques had _ been 
made. This new program subsequently produced 
results as shown in Fig. 14. As may be seen, con- 
sistently good tungsten-arc spot welds on aluminum 
can be obtained on sheet thickness up to about 
0.090-0.100 in. In the case of heat-treatable alloys, 


\ 


Fig. 12—Inert-gas consumable-electrode spot weld 
in mitered aluminum storm-door extrusion 


Fig. 13—Cross section of plug-weld joint preparation 
and completed weld 
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Fig. 14—Results obtained with tungsten-arc spot welding 
on 1100 aluminum sheet 


however, complete freedom of cracking cannot al- 
ways be obtained with the most elementary form of 
the process. 

In re-examining tungsten-arc spot welding of 
aluminum, it was reasoned that the lack of consistent 
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penetration and poor nuggest cross section was asso- 
ciated with the use of alternating-current welding 
power. Since it is known that d-c straight polarity 
produces more consistent and deeper penetration, it 
was decided to use this in preference to alternating 
current. However, the use of d-c straight polarity 
does not ordinarily produce very satisfactory results, 
since no cleaning action is afforded. Therefore, the 
material must be chemically cleaned before being 
spot welded. Furthermore, the chemically clean 
material must be spot welded using argon which is 
99.995 % pure, or the weld surface will contain oxide 
folds. A tri-sodium-phosphate detergent was se- 
lected as the most practical and simplest solution for 
cleaning. Materials having an average amount of 
surface oxides can be immersed for 20 min in solutions 
of this compound at room temperature. When rinsed 
with cold water they emerge clean. In a normally 
clean atmosphere, this material will be weldable for 
approximately five days after cleaning without show- 
ing loss in shear strength of the welds. Using this 
method of cleaning, consistent shear strength could 
be obtained, but excessive crater of indentation oc- 
curred in the middle of the spot weld. This was 
attributed to the extremely high arc force exerted by 
the straight-polarity arc. The usual procedure of 
pointing the tungsten electrode was abandoned in 
favor of a square-ended or blunt electrode. This 
materially reduced the arc force, and a '/s or °/3:-in. 
diam 2° thoriated electrode was found preferable for 
most applications. However, complete freedom from 
crater cracking was not found possible without the 
addition of filler material in applications on heat- 
treatable aluminum alloys such as 2014, 2024 and 
6061. Filler metal was introduced in rod form 
through a special feeding arrangement, which fed the 
wire through the side of the gas cup to the arc. 

A further advance was realized by the use of a new 
patented starting technique known as pilot arc. In 
essence, a similarity can be drawn between a pilot arc 
and the small pilot flame in a gas stove which serves 
the purpose of igniting the main burner as desired. 
In this case, a small straight-polarity arc of approxi- 
mately 5 amp exists continuously between the elec- 
trode and cup. This arc supplies an ionized path 
between the electrode and the work and keeps the 
electrode in an incandescent state so that the applica- 
tion of welding voltage across the electrode and work 


PILOT ARC 


WELDING POWER SUPPLY 
POWER SUPPLY 
ELECTRODE 
cup 


Fig. 15—Schematic of pilot-arc circuit used in 
tungsten-arc spot welding 
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results in instantaneous starting. A further benefit 
is obtained from the pilot arc. Since the welding 
electrode is maintained in a state of incandescence, it 
is also thermally stable. As a result, the arc gap is 
maintained constant. In high-frequency starting, 
several starts are generally made on a scrap piece of 
material to bring the tungsten electrode up to heat 
and to establish a constant arc gap. However, the 
use of pilot-arc starting means that the first spot will 
be as good as the last. Figure 15 shows a typical 
pilot-are circuit. 


Process Selection 

The choice of whether to spot weld aluminum with 
either the inert-gas consumable-electrode or noncon- 
sumable-electrode process can be determined to some 
degree by answering the following questions. Can 
the material be cleaned chemically, and is it economi- 
cal to do so? Will the fit-up be good? Is it a heat- 
treatable alloy? How thick are the members to be 
joined? If fit-up is poor, if the material cannot be 
cleaned chemically, if it is quite thick, or if it is a 
heat-treatable alloy, the consumable-electrode proc- 
ess is generally to be preferred. However, if a higher 
degree of shear-strength consistency is demanded 
and the application will bear the expense of cleaning 
and good fit-up, the nonconsumable-electrode or 
tungsten-arc process will generally be preferred. The 
tungsten-arc process can also be used on the heat- 
treatable aluminum alloys although the consumable- 
electrode process should be investigated first since 
cold-rod addition adds equipment complexities. In 
considering limitations of the various processes in 
regard to sheet thicknesses, reference may be made to 
Table 3 which shows the process preferred for each 
sheet thickness combination up to '/,of aninch. In 
those cases where two processes are recommended, 
the process listed first is preferred. 


Conclusion 

Two significant points stand out as a result of re- 
cent developments in the welding of aluminum. 
First, the inert-gas consumable-electrode process 
may be utilized to weld very thin or thick material 
with equal ease. Second, both the inert-gas con- 
sumable-electrode and tungsten-arc processes may be 
used for spot welding, wherein any choice between 
the two depends upon requirements of the particular 
application which is involved. 

The inert-gas metal-arc processes have been de- 
veloped to the point where they can be economically 
and readily applied to any aluminum-fabrication 
problem. Furthermore, application of the inert-gas 
metal-arc processes in aluminum fabrication can be 
expected to result in greater economies, improved 
quality, simplicity of operation and a wider range of 
fabrication possibilities through the expansion of ex- 
isting welding methods. Thus, aluminum fabricated 
by means of welding can be expected to find more 
and more use as a structural material for the aircraft 
and missile industries and for items such as bridge 
spans and pressure vessels. 
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King-Size Fittings Five Times Faster 


BY M. W. MEIERHOFF 


Welding time for large-pipe assemblies has been cut 
by five to one at Modern Constructors, Inc., Duluth, 
Minn. Responsible for this phenomenal saving is 
the magnetic-flux gas-shielded welding process, 
which has increased welding production to five times 
that previously obtained with manual-electrode 
operation. 

Practically even more important than the increase 
in production, magnetic-flux gas-shielded welding 
has so dramatically improved weld quality that 
rejects have been completely eliminated. In the 
two years since the process has been used, not a 
single weld has been rejected or reworked. 

Modern Constructors produces pipe, special 
sections and fittings for petroleum pipe lines, 
refineries and power plants. These sections vary 
from 12 to 30 in. in diameter and must pass X-ray 
tests as well as hydrostatic tests of 2000 psi (Figs. 
1 to 4). 

Besides the increased production, the magnetic- 
flux gas-shielded welding process is responsible 
for still another saving to the company. Usually, 
acceptance of 80 or 90% of the welds was 
considered excellent, figures were occasionally as 
low as50%. But with 100% acceptance of magnetic 
flux gas-shielded welds, all rework is eliminated and 
the overhead cost of producing the part is drastically 
lowered. 

The great importance of this saving is better 
understood when it is considered that each assembly 
represents an investment of from $2000 to $3000. 
Because these assemblies are used in dimensional 
manifolding, tolerances are measured to a fraction of 
an inch. When faulty welds are encountered, the 
weld must be cut out, the fitting remachined and 
the part rewelded, while still preserving the original 
dimensions. This extremely delicate operation adds 
from 10 to 20% to the cost of producing the already 
expensive part. 

This outstanding record for satisfactory welds isdue 
largely to the very nature of the process used. A 


M. W. Meierhoff is President and General Manager, Modern Con- 
structors, Inc. Duluth, Minn 


Fig. 1—Magnetic-flux gas-shielded welding is used to 
fabricate this 30-in. diam pipe, with '/. in. wall. Welding speed 
is 15 ipm and only one pass is needed to fill the joint 


Fig. 2—These tee fittings, magnetic-flux gas-shielded arc 
welded, are shown installed at a pumping station used to transport 
raw crude oil to a refinery. Typical weld is shown in insert 
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Fig. 3—This operator is adding a Van Stone flange to a 
large ‘‘T"' fitting. The 24-in. diam pipe has a */,-in. wall 


Fig. 4—With magnetic-flux gas-shielded welding, all the pipe 
welds meet the strictest X-ray and Boiler Code require- 
ments. This fitting will be used in a high-pressure crude-oil 
pumping station 


magnetizable flux is conveyed to the torch in a 
stream of carbon-dioxide gas. In the nozzle, the 
flux is attracted to the wire by the magnetic effect 
of the welding current. Thus the wire is continuously 
coated with flux as it is fed into the arc. Due to 
the high welding current and the nature of the flux, 
the weld puddle remains fluid for some time. This 
allows impurities to boil out of the metal, producing 
a top-quality weld. 

With magnetic-flux gas-shielded welding, wire is 
fed continuously from a 300-lb wire-reel pack. This 
eliminates stub loss and changing of electrodes, and 
gives an arc-time factor that is about as high as can 
be obtained. Deposition rate is approximately 15 
lb per hour of arc time, with welding current of 400 
to 450 amp. 

Due to the greater deposition and penetration of 
the process, welds on large-pipe assemblies are now 
made in three passes instead of the 12 to 14 passes 
previously required with manual electrode. In 
addition, preweld and interpass cleaning is practically 
eliminated—a major saving in direct labor and over- 
head costs. 

Work in this shop is widely diversified. Pipe may 
vary from 4 to 30 in. in diameter. The wall thick- 
ness may change from '/, in. to as much as 1'/, in. 
The material may be low-alloy, then high-carbon, 
then mild steel. Magnetic-flux gas-shielded welding 
is ideally adapted to this flexible schedule, since 
the operator can shift readily from one job to another 

involving different diameters, different thicknesses 
and different compositions—and produce satisfactory 
welds on every one. 

There is one more advantage that makes a tre- 
mendous difference in weld quality. With this proc- 
ess, the weld puddle and arc are completely visible 
during operation. The operator watches the weld 
in progress, and can correct any trouble that may 
develop. 


Production Efficiency Slashes Costs 


W. DICKINSON 


BY L. W. JOHNSON AND J. 


Fig. i—The web plate is jointed to the flange as a 90-ft girder 
rides past two stationary submerged-arc welding heads. 
The piece is then turned and the other flange welded on 
the return trip 


Two automatic electric welding processes are used by 
Gunderson Brothers Engineering Corp. to cut weld- 
ing time on heavy steel jobs as much as 67%. This 
Portland, Ore., firm specializes in fabrication of 
heavy-steel assemblies such as girders and beams, 
car sills and underframes, pipe, penstocks, flood 
gates, tanks and pressure vessels. Submerged-arc 
welding and magnetic-flux gas-shielded arc welding 
are particularly valuable on long straight seams, or 
short seams that require heavy deposition rates. 

In submerged-arc welding, current and speed are 


L. W. JOHNSON is Chief Engineer, Gunderson Brothers Engineering 
Corp., Portland, Ore., and J. W. DICKINSON is Manager of Engi- 
neering Service, Linde Co., Seattle, Wash. 
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usually from two to ten times as high as they are in 
manual-electrode welding. The high-quality welds 
are evenly penetrated, with smooth contour and low 
reinforcement. The fused composition detaches itself 
without laborious chipping. 

In magnetic-flux gas-shielded arc welding, the visi- 
bility and ease of gas-shielded tungsten-arc welding 
is combined with the automatic control and wire 
feed of gas-shielded metal-arc welding. Welding 
speeds and deposition rates are as high as three times 
those usually obtained with manual-electrode weld- 
ing. The operator can change from one welding 
position to another without changing control or cur- 
rent settings. With these two welding processes, 
Gunderson estimates welding speeds are 50 to 100% 
higher, and costs are 20 to 50% less than they were 
with covered-electrode welding. 


Production Innovations 

Besides the advantages of automatic welding, the 
engineers in this plant have made several innovations 
to simplify the work and improve production. For 
instance, the usual method for welding a fabricated 
girder is to tilt it on its side and run the welding 
machine on the web to make a positioned fillet weld. 
This method is not only slow but creates a distortion 
problem. Although this kind of distortion can be 
solved by welding both sides simultaneously, it is 
very difficult to synchronize the two machines so 
that they weld exactly opposite each other. In 
addition, the size of the girders prevents communica- 
tion between the two operators. 

At Gunderson, the girder is placed on a carriage 
and moved at welding speed past two stationary 
submerged-arc welding heads which make fillet 
welds on both sides simultaneously (Fig. 1). In the 
case of the 139-ft girder (Fig. 2) four heads are used 
two at one end and two in the middle. Thus, when 
the girder has traveled half its length, the two sets of 
welds overlap and the joint between the web and one 
flange is completed. Then the girder is turned over 
and the other flange is welded as the girder travels 
back to its original position. Distance of travel is 
half and welding time one-fourth that of a single 
head. 


Production of Subassemblies 

Magnetic-flux gas-shielded arc welding is used to 
apply stiffeners, brackets and fittings after the main 
parts of the girder have been assembled. Although 
welds are quite short, heavy welds are frequently 
required and it would take a considerable amount of 
time to make them by manual-electrode welding. 
The speed of magnetic-flux gas-shielded arc welding 
and the ease with which the operator can change 
position without changing current or wire-feed set- 
tings are particularly suited to this type of work. 

Flanges and webs for girders are built up to the 
required size by butt-welding pieces cut from stand- 
ard rolled plate. Submerged-arc welding is used 
almost exclusively for this work (Fig. 3). The 
mechanized carriage carrying the welding head runs 


on a short length of track laid across the strips. 
Even though seams are short—usually from 12 to 18 
in.—the machine makes these heavy butt welds in 
one-half to one-third the time required for manual 
welding. 

This manufacturer has such a wide variety of jobs 
that standardized methods of mass production can- 
not be applied. Portability and adaptability of 
production tools are essential. Mechanized and 
semiautomatic electric-welding processes such as 
submerged-arc, magnetic-flux gas-shielded and also 
inert-gas-shielded tungsten and metal arc are ideally 
suited to these requirements. 


Fig. 2—Dual submerged-arc welding heads make 
simultaneous fillet welds on a 139-ft girder 


Fig. 3—A high-speed submerged-arc welding machine butt 
welds strips of standard plate for oversized flanges and webs 
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Offshore Fabricator Uses Compressed Air and Carbon Arc 
for Metal Removal 


Fig. 1—Here an old antiquated tanker, Midbody, was cut in 
half and two cargo boxes for offshore duty were built. The 
*/,in. plates used were beveled and welded on the inside and 
gouged to solid metal on the outside and welded. This 
method required less time, did a cleaner and better job, with- 
out warpage or distortion, than previous methods used for 
similar work. A compressed-air carbon-arc torch and °/;¢- 
in. copperciad electrodes were used 


Fig. 2—\-beams used in the construction of offshore plat- 
forms are being back-gouged with a compressed-air carbon- 
arc torch and °/\,-in. copperciad electrode. The edges of 
both beams are prepared with one fast pass with no further 
preparation necessary for welding 


Fig. 3—Compressed-air carbon-arc torch and '/,-in. cop- 
percilad being used in back-gouging welds and removing 
defective-weld on the 36 in. piling, approximately 200 ft 
long. Joints are welded on the outside and gouged from 
the inside to solid metal and then welded to obtain 100% 
penetration welds. Since cutting process does not cover up 
possible defective welds, any such defects can be readily 
located and quickly repaired with no further preparation 
necessary 


Early in 1956 the Bayou Boeuf Fabricators, a 
Division of J. Ray McDermott Co., Inc., began 
operations at its plant near Morgan City, La. The 
name of this division was officially changed in May 
1958 to McDermott Fabricators. 

J. Ray McDermott Co., Inc., has long been a 
recognized pioneer in offshore oil development and the 
new division was organized for the prime purpose of 
designing and fabricating offshore drilling plat- 
forms, etc., for the Gulf drilling programs of various 
oil producers operating in the Gulf of Mexico. 

One of their difficult and costly problems was 
‘‘metal removal” such as plate-edge preparation for 
welding a heavy plate, removing welds, and cut- 
ting stainless plate. The compressed-air carbon-arc 
process is now being used by them. 

The compres-ed-air carbon-arc cutting process is 
essentially the melting of metal (any metal) with 
an electric arc and blowing away the molten metal 
with a jet of compressed air. The equipment con- 
sists of a torch with concentric cable which carries 
both compressed air (no expensive gases) and 
current from a conventional d-c welding machine. 
The cutting agent is a long-lasting, copper-plated 
carbon-graphite electrode. 

A few of the typical applications on which Mc- 
Dermott Fabricators employ the compressed-air 
carbon-arc process are shown in Figs. 1 through 4. 


Based on a story by the Arcair Co., Lancaster, Ohio. 


Fig. 4—In the fabrication of offshore tank platforms, all 
plates used were welded on one side, gouged with com- 
pressed-air carbon-arc torches on the other side and the 
welds completed 
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Fig. 1—An operator uses a tungsten-arc torch to fusion weld Fig. 2—This modern photo-processing laboratory in 
an 18-gage type 316 stainless-steel darkroom sink. The weld the new Chicago Sun Times building consists of tungsten- 
zone is backed by a copper chill bar arc-welded equipment 


We Couldn't Operate . . . 


BY EDWARD J. CAPLAN 
AND JOHN J. SULLIVAN 


“We couldn’t operate. . .without welding.”’ This is 
the situation at Leedal, Inc., Chicago, Ill., a leading 
producer of photo-processing equipment. Leedal 
has used the argon-shielded tungsten-arc welding 
process since it started business in 1946 and has 
based its entire production operation upon it. 

Photo-processing equipment, such as developing 
tanks and washers, are largely made to order since no 
two photography outfits work under the same condi- 
tions of speed, size and space limitations. With 
many pieces of equipment designed individually, the 
production setup must be flexible enough to accom- 
modate all types of equipment. 

Flexibility is a feature of tungsten-arc welding. 
This high-speed process provides X-ray quality 
welds that require no postweld cleaning and little or 
no finishing on all types of equipment—no matter 
what size or thickness of metal. 

Most of the processing equipment, including 
trays, sinks, mixing tanks, negative layout and view- 
ing tables, are made from Type 316 stainless steel, 
because of its ability to withstand the corrosive ac- 
tion of photographic chemicals. The stainless is 
easy to clean, so that no residues remain on the 
pieces to contaminate future solutions. 

Thickness of the stainless varies from 26- to 8- 
gage, depending upon the individual specifications. 
The equipment is designed for fusion welding in 
order to eliminate the need for filler metal. An air- 
cooled tungsten-arc torch is used for light work, 
while three water-cooled tungsten-arc torches are 
used for heavy pieces.....All four welding stations are 
in constant operation. 


EDWARD J. CAPLAN is Production Manager at Leedal, Inc., Chicago, : - 
Ill., and JOHN J. SULLIVAN. is a welding sales engineer, Linde Co., Fig. 3—Made of 22-gage stainless steel, a photo developing 
Chicago, I) tray is quickly welded with a tungsten-arc torch 
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Fig. 1—Operator uses inert-gas tungsten-arc torch to weld 
rail strip to deck plate. Corrosion-resistant aluminum alloy 
5456 is used throughout in the construction of the boat 


Fig. 2—The aluminum ‘‘Jo"’ boats are built in two main as- 
semblies which are welded together. Half-round sections 
are welded to hull for wear strips at bow, gunwales and sides 


Inert- 
gas metal-arc welding is used on material */,, in. thick and 
over. Inert-gas tungsten-arc torch is used to fabricate 
window frames, deck house and various fittings 


Fig. 3—The aluminum crew boat nears completion. 
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Welded-Aluminum Boats 
Replace Steel 


BY FRED W. SEWART 


AND ROBERT S. MAY 


Aluminum is replacing mild steel as the material for 
fabricating crew boats for use in Gulf-area oil 
fields. These 28-ft boats, known as Jo boats in the 
oil industry, are used by crew men for reading gages 
and providing service for oil wells located on or near 
rivers and bayous. The new aluminum crew boats 
are being fabricated by Sewart Seacraft Inc., 
Berwick, La. 

Generally, these oats are built of mild steel. 
But recently, new aluminum alloys have been 
introduced which are crack-free and corrosion 
resistant when welded by the inert-gas tungsten-arc 
process (Fig. 1) and inert-gas metal-arc welding. 
The new aluminum boats are proving their worth by 
their light weight and low maintenance cost. The 
weight saved, particularly in the fabrication of 
superstructure, increases stability and decreases the 
draft of the vessel. 

The boats are 28 ft long and have a 9-ft beam. 
Deck, bulkhead, gunwales and splash rails provide 
enough reinforcement so that ribs are virtually 
eliminated. The boat is built in two assemblies; 
hull and superstructure (Fig. 2). The cabin is 
located forward of the main bulkhead, and the 
engine room and storage space are aft. 

Inert-gas metal-arc welding is used to make 
butt and fillet welds in the */,,-in. plate on deck 
and sides (Fig. 3). This material is welded at a 
speed of 25 to 30 ipm. Lighter parts of the deck- 
house and fittings are fabricated by inert-gas tungsten- 
are welding at about 16 ipm. 

Aluminum alloy 5456, which is used in construction 
of the boats, is resistant to corrosion in brackish or 
salt water. It is easily welded with R-GM50A 
aluminum wire. Argon is used as the inert-gas shield 
in both processes. It provides complete weld 
protection and leaves no flux residue where corrosion 
could start later. The clean, smooth welds show 
uniform penetration and even reinforcement. Usual- 
ly, no further finishing is required and the seams are 
left as welded. It is fully expected that these 
welded-aluminum boats will easily withstand the 
rugged conditions encountered in service. 


FRED W. SEWART is President of Sewart Seacraft, Inc., Berwick, La., 
and ROBERT S. MAY is Welding Sales Engineer, Linde Co., New 
Orleans, La. 
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Plans are well under way for the 
AMERICAN WELDING’ SOCIETY’s 
National Fall Meeting to be held this 
year in Detroit’s Hotel Sheraton- 
Cadillac from September 28th 
through October ist. The main 
emphasis of this year’s fall meeting 
will center around a_ technical 
papers program. Included among 
other activities will be a banquet 
at the hotel on Tuesday evening, 
plant tours on Wednesday and 
Thursday mornings and a 4-day 
ladies’ program. Two all-day meet- 
ings will be held by the section 
officers on Tuesday and the educa- 
tional group on Wednesday. 


Detroit Area Prepares for AWS National Fall Meeting 


Forty-eight technical papers will 
be presented at the meeting; six of 
them are being supplied by the AWS 
Automotive Welding Committee 
which should be of particular interest 
to those in the Detroit area. A 
noted individual, yet to be named, 
will address the audience at the 
opening session on Monday morn- 
ing at the Sheraton-Cadillac. 

Unlike the AWS Annual Meeting 
held each spring, there will be no 
welding exhibit at the Detroit 
meeting. The next Welding Show 
will be held in April 1960 in Los 
Angeles. 


THE MOTOR CAPITAL OF THE WORLD 


Detroit will be the scene of the AWS National Fall Meeting from September 
28th to October Ist. The first fall meeting since 1956, sessions will be held in 
the Sheraton-Cadillac Hotel 


Bland Named Director of 
District No. 8 
George Bland, president of Hill 


Equipment Co., St. Louis, Mo., has 
been elected Director of the 


AMERICAN WELDING SOCIETY’s Dis- 
trict No. 8 to fill the unexpired term 
of Frank Singleton who is now a 
Director-at-large. 


George Bland 


Mr. Bland first came to Hill 
Equipment in 1938 as a service 
engineer. He was promoted to 
sales manager in 1947 and elected 
president in 1956. An active mem- 
ber of AWS since 1939, Mr. Bland 
is a past chairman of the St. Louis 
Section. He attended Lincoln Col- 
lege and Washington University. 


Support Your Society— 


Be an Active Member! 


Wear Your Emblem! 
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NATIONAL WELDED PRODUCTS MONTH 


Congressman Osmers (N. J.) gives speech on April 10th in the House. 
Prominent political figures recognize the value_of welding 


‘‘National Welded Products Month” was the subject 
of a speech delivered by Hon. Frank C. Osmers, Jr., of 
N. J. in the House of Representatives on April 10th. 
This speech was recorded in the Congressional Record 
of the 86th Congress, first session. Congressman 
Osmers requested that favorable consideration be 
given House Joint Resolution 179 to proclaim National 
Welded Products Month. 

Throughout the nation state governors and city 
mayors signed proclamations designating April NWPM. 


Representative Osmer’s Speech for NWPM was recorded 
in the Congressional record 


F. J. Wallace and G. W. Kirkley look Governor DiSalle of Ohio hands Governor Meyner of New Jersey pens his 
on as Connecticut's Governor Ribicoff proclamation to R. A. Bowers as signature before W. G. Benz, Jr., 
approves of NWPM month H. W. Mishler, H. A. Bolz, R. S. A. C. Axtell, R. V. Thornton and J. E. Riley 


Ryan and R. A. Hoefler look on 


Maryland's Governor Tawes signs in presence of Michigan's Governor Williams gives signed copy to 
H. A. Fountain, J. Burnley, F. Jones and R. Metius J. N. Alcock as C. Orr, L. T. Kendall and P. Hill observe 
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ACCLAIMED THROUGHOUT THE NATION 


Portland, Ore.’s Mayor Schrunk signs in presence of Joliet, lil.'s Mayor Hennessy (second from right) partakes 
AWS members O. Focht, C. Hopp, R. Bowman and J. Beall in ceremony with members L. Nielsen, G. Herrick and A. J. Gerl 


Mayor Clinton of Seattle, Wash., Albuquerque, N. Mex.’s Commissioner Columbus, O., joins the parade. 

examines welded sample. Members Sanchez (center) presents proclamation Mayor Sensenbrenner signs as 

R. Templeton and H. Knabb look on to members W. H. O’Brien and R. A. Bowers, H. W. Mishler and 
A. P. Bailey R. S. Ryan witness 


Acting Mayor Abramson of Baltimore hands proclamation Saginaw, Mich.'s Mayor Harvey receives tips on welding 
to H. A. Fountain as J. Benson and V. Miller stand by from local Chairman J. N. Alcock 


Shreveport’s Mayor C. E. Fant (center) Pittsburgh’s Mayor Gallagher signs Nashville, Tenn.'’s Mayor J. Dance signs 
is shown with members J. LaBarbera in the presence of E. Cable, before T. C. Swindell and H. M. Payne 
and R. F. Scott P. Masters and J. Minnotte 


(CONTINUED/ 
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Some of the many city and state proclamations designating April as National Welded Products Month 
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Morrison Joins 
AWS Technical Staff 


William S. Morrison has joined 
the national staff of the AMERICAN 
WELDING Society as Assistant to 
the Technical Secretary. Fresh 
from six years with the Arabian 
American Oil Co., five of them in 
Saudi Arabia, Mr. Morrison will 
assist the Technical Secretary in 
the correlation and dissemination 
of technical information and the 
editing of standards for publication. 


William S. Morrison 


Born in California, Mr. Morrison 
obtained his B.S. and M.S. degrees 
in metallurgical engineering in 1950 
and 1952, respectively, from South 
Dakota School of Mines and Tech- 
nology, Rapid City,S.D. Hespent 
one year with Aramco’s Materials 
Division in the New York engineer- 
ing office before setting sail for his 
tour in the Middle East. In Ras 
Tanura, Mr. Morrison served as 


metallurgical engineer with Aram- 
co’s Equipment Inspection Section. 
Two years later he moved on in a 
similar capacity to Dhahran within 
the firm’s Materials and Inspection 
Division of Headquarters Engineer- 
ing. He is experienced in various 
areas, including investigation of 
material and equipment failures, 
corrosion problems, welding pro- 
cedures and qualification of welders. 

Mr. Morrison now resides with 
his family in New York and is a 
member of ASM and the American 
Ordnance Assn. 


Welcome 


e Supporting Companies 
Effective May 1, 1959 


Industrial Welding Supplies 
356 S. Royal St. 
Mobile, Ala. 


Charles F. Guyon, Inc. 
Fabricating Division 
1000 S. Fourth St. 
Harrison, N. J. 


Metal Arts Co. 

2701 Magnet St. 

Houston 21, Tex. 

Mobile Welding Supply Co., Inc. 


P. O. Box 1418 
Mobile, Ala. 


AWS DIRECTORS-AT-LARGE 


Term Expires 1960 1961 1962 
J. F. Deffenbaugh A. A. Holzbaur Jay Bland 
A. E. Pearson D. B. Howard F. G. Singleton 
C. M. Styer C. E. Jackson C. B. Smith 
R. M. Wilson, Jr. J. L. York J. R. Stitt 


AWS DISTRICT DIRECTORS 


District No. leNew England G. W. Kirkley 


District No. 2eMiddie Eastern E. E. Goehringer 


District No. 3eNorth Central J. W. Kehoe 
District No. 4eSoutheast E. C. Miller 
District No. 5eEast Central H. E. Schultz 


District No. 6eCentral J. N. Alcock 

District No. 7eWest Central L.L. Baugh 

District No. 8eMidwest G. 0. Bland 
District No. 9eSouthwest C.L. Moss Ill 
District No. 10eWestern F. V. McGinley 
District No. lleNorthwest C. B. Robinson 


AWS PAST PRESIDENT DIRECTORS 


J. J. Chyle 


G. 0. Hoglund 


C. P. Sander 


EXCELLENT 
OPPORTUNITY 
FOR 
ASSISTANT 
EDITOR 


* The Welding Journal is 
presently looking for a 
young engineer who may 
be interested in becoming 
an assistant editor on its 
staff. 


¢ The position we have 
open is a stimulating and 
challenging one; it affords 
an excellent opportunity to 
become proficient in all 
phases involved in the pub- 
lication of a magazine. It 
calls for a technical man 
with a good background in 
the metal fabrication or 
metallurgical fields, who 
really likes to write and who 
can express himself clearly. 
Of course, this man should 
also have a pleasing per- 
sonality and the ability to 
get along with others. 


* Anyone interested in what 
we have to offer should 
send a resume, including 
details of education, past 
experience and salary re- 
quirements, to 


Editor 
Welding Journal 
American Welding Society 
33 West 39th Street 
New York 18, N. Y. 
Alll replies will be held confidential. 


gram Chairman G. R. Pease. long 
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KEEPING YOU POSTED_ 


@ The American Council of the 
International Institute of Welding 
met at Society headquarters on 
April 28th with 29 members in 
attendance to discuss the activities 
of the 15 I[W Commissions and to 
plan for representation at the ITW 
Annual Assembly which meets in 
Opatiga, Yugoslavia, June 28th to 
July 4th. The United States will 
be officially represented by 26 mem- 
bers of the American Council who 
plan to attend the Assembly and 
participate as Delegates or Experts 
in the meetings of the Commissions. 
Technical Secretary E. A. Fenton 
will represent AWS at meetings of 
the Governing Council and also 
those of Commissions VII and 
VILL. 


@ The Cleveland Section held its 
Twentieth Annual Symposium on 
May Ist at the New Cleveland 
Engineering and Scientific Center 
with a luncheon for speakers and 
honored guests, an afternoon tech- 
nical session with talks by Robert 
Wilson, J. R. Wirt and Ed Young, 
educational exhibits, and the even- 
ing banquet attended by about 500 
members and guests who were enter- 
tained and inspired by an address 
**3-Dimensional Confidence’’ given 
by Dr. Kenneth McFarland, voted 
by the U. S. Chamber of Commerce 
to be America’s outstanding speaker. 
Vice-President R. D. Thomas, Jr., 
spoke briefly and, with your Secre- 
tary, represented our national 
officers as Section officers Harry Mc- 
Bride, Tom Dempsey, R. Pogen- 
kopf, W. Romance, Bill Metzger 
and Irv Schreck conducted the 
Symposium which was dedicated to 
long time member and early Cleve- 
land Section Chairman E. Benedict. 


e This trip to Cleveland also gave 
your Secretary an opportunity to 
confer with ASM’s Ray Bayless and 
other staff members, Osborne En- 
gineering Co. President H. T. Bor- 
ton, J. F. Lincoln, E. T. Scott and 
officers and staff members of the 
Cleveland Engineering Society. 


@ On May 4th we were pleased to 
welcome W. S. Morrison to your 
AWS headquarters staff as Assistant 
to Technical Secretary E. A. Fenton. 
Bill, who has been associated with 
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Aramco for several years, is a fine 
addition. You may read more 
about him elsewhere in this issue. 


e@ Committees, Divisions and the 
Executive Committee of PVRC met 
on May 6th and 7th under the direc- 
tion of Bill Spraragen and Ken 
Koopman. National Chairman T. 
L. Armstrong presided at the meet- 
ing of the Executive Committee 
where plans to hold the fall meetings 
of PVRC in conjunction with the 
AWS National Fall Meeting in 
Detroit were confirmed. 


@ Baltimore Section Members with 
their Ladies and Guests gathered at 
the Southern Hotel Saturday even- 
ing, May 9th, for an unusually gay 
and delightful dinner-dance pre- 
ceded by a social hour on the roof 
terrace with a fine view of the city 
and harbor. Chairman Jim Burnley 
was a most gracious host. He was 
ably assisted by Section officers B. 
F. Jones and R. E. Metius, together 
with their charming wives. Your 
Secretary presented a Meritorious 
Award Certificate to Dr. G. E. 
Claussen who sat at the speakers 
table with his lovely wife. Mrs. 
Plummer and your Secretary were 
also pleased to great Mr. and Mrs. 
Alan Tarr (Alan is new Washington 
Section Chairman), Bernice and M. 
E. McPherson and several other 
members from Washington. 


e District Director George Kirkley 
and Hartford Section Chairman W. 
A. Duncklee visited headquarters on 
May 8th to discuss plans for the 
New England District Welding Con- 
ference and Show to be held at Hart- 
ford next October 21st and 22nd. 
It seems probable that this annual 
event may become one of the largest 
and most important of our many 
regional activities. 


@ Your WELDING JOURNAL is an 
outstanding example of the fine 
publications issued by your Society. 
The important Welding Journal 
Committee met on May 12th at 
the call of Chairman E. J. Tanger- 
man to discuss several policy matters 
including advertising rates and staff. 
Assistant Editor R. R. Irving is 
leaving our AWS staff to join that of 
Iron Age on June ist. President- 
Elect C. I. MacGuffie and Treasurer 


by Fred L. Plummer 


H. E. Rockefeller attended this 
meeting. 


e Your Secretary is holding a series 
of conferences with the Executive 
Secretaries of other national en- 
gineering societies to discuss mutual 
problems and means of better co- 
operation and coordination of ac- 
tivities. 

e In preparation for the new fiscal 
year beginning June 1, 1959, staff 
department heads are preparing 
three-year forecasts of income and 
expense to assist your Executive 
and Finance Committee in preparing 
a budget for presentation to the 
Board of Directors at a meeting to 
be held June 9, 1959. 


e@ Each of you should plan now to 
attend the AWS National Fall Meet- 
ing to be held in Detroit September 
28th to October Ist. Hotel Shera- 
ton-Cadillac will be headquarters 
for the four days of technical, social 
and society activities. Do not miss 
this important opportunity of ad- 
vancing your welding “know-how.” 


e@ Why not plan a real vacation for 
April 1960? Include the AWS Annual 
Meeting and Welding Exposition in 
Los Angeles April 25th to 29th. 
Follow this with a vacation in 
fabulous Hawaii, taking advantage 
of a special tour for AWS members 
which will include a Mid-Pacific 
Welding Conference in Honolulu. 
You can extend your stay in Hawaii 
for as many days as you wish and 
also attend the IAA meeting in San 
Francisco May 9th to 10th or the 
ASM Southwestern Metal Show in 
Dallas May 9th to 13th. 


e@ Late in April, Harvey Giller- 
man of St. Louis—Chairman of the 
Arrangements Committee for our 
1958 meetings in St. Louis—was a 
guest at headquarters. 


@ WELDING JouRNAL Editor Bonney 
Rossi was the principal speaker at 
the May 19th meeting of the New 
Jersey Section, discussing ‘Your 
Magazine—How It Is Published.” 
President C. I. MacGuffie and your 
Secretary spoke briefly after Chair- 
man W. G. Benz introduced chair- 
man-Elect H. L. Hoffman. Pro- 
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gram Chairman G. R. Pease, long 
time member Moss F. Sheely and 
other section officers were seated at 
the speakers’ table. The dinner 
and meeting were preceded by a 
social period and followed by an 
after-meeting snack and_ get-to- 
gether. 


e The following day your Exposi- 
tion Committee held a morning 
meeting with Chairman Jim Nor- 
cross presiding and your Adams 
Memorial Committee an afternoon 
meeting called by Chairman R. D. 
Thomas, Sr. Your Secretary had 
lunch with J. F. Lincoln prior to his 
departure on a three-week business 
trip to Europe. 


INSTRUCTIONS 


FOR 


PROSPECTIVE AUTHORS 


Authors who plan to sub- 
mit papers for publication 
in the Welding Journal are 
invited to send for a free 
copy of the booklet ‘‘In- 
structions and Suggestions 


for Authors.’ All requests 


should be addressed to 
Editor, Welding Journal, 
American Welding  So- 
ciety, 33 W. 39th St., New 


York 18, N. Y. 


FOR ANY STAINLESS WELDING JOB 


Stainless Steel Welding Wire 


CORPORATION 


Photo courtesy of National Valve and Manufacturing Company, Pittsburgh, Pa. 

Specify Drawalloy “quality controlled” stainless steel welding wire for 
your next “quality weldments.” Your greatest advantage is experience... 
our experience in producing wires for welding exclusively. Because we are 
specialists, Drawalloy stainless steel welding wire is produced to strictly 
controlled specifications to provide the right chemistry, finish and temper 
for the finest quality weld metal and smoother operation in your automatic 
or semi-automatic equipment. Drawalloy stainless wires are available in all 
popular grades as well as 214 Cr, 1 Mo; 14 Cr, 4% Mo. 

Why not discuss your stainless welding wire needs with your Drawalloy 
Distributor or Representative . . . a man with the products and knowledge 
to help you. Bulletin 355 DC provides complete information on every grade 
of Drawalloy wire. Write to: Drawalloy Corporation, Lincoln Highway 
West at Alloy Street, York 13, Penna. 


—DRAWALLOY-—— 


CORPORATION 
STAINLESS STEEL & TOOL STEEL WELDING WIRE 


THE WIRE MILL FOR THE WELDING INDUSTRY 


For details, circle No. 20 on Reader Information Card 
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EDUCATIONAL 


EAC Reviews 1958-1959 Developments 


As is customary at the close of 
each AWS fiscal year, space is 
given in this column to report 
some of the accomplishments in 
welding education to the member- 
ship. It is no secret that a great 
measure of our nation’s future 
rests in the hands of improved 
technical education. Welding will 
play an important role in this 
development. Therefore, it is our 
obligation as a society to dedicate 
it to the advancement of the art 
and science of welding to see to it 
that welding education is available 
for all who desire it. 

At headquarters hundreds of re- 
quests from youngsters are received 
searching for information on 
welding. Their requests include 
information on manual training, 
degrees in welding engineering, 
correspondence courses, night 


schools and ‘‘on the job training 
programs.” 


Opportunities Booklet Prepared 

During the past year a booklet 
has been prepared entitled ‘“‘Oppor- 
tunities in the Welding Industry.” 
Its objective is to outline most of the 
openings available in the welding 
industry. Such job classifications 
as welder, inspector, welding tech- 
nician and welding engineer are 
discussed with the necessary educa- 
tional background for each job in 
addition to existing salary ranges. 
Requests for the booklet are being 
received from students, schools and 
companies. 
Speakers and Film Directories Issued 

All AWS Sections have received 
copies of both the New Supplement 
to the Sixth Speakers Directory and 
the April 1959 film directory, the 


THE NAVY SALUTES NATIONAL WELDED PRODUCTS MONTH 


bail 


In recognition of National Welded Products Month, Rear Adm. Martin J. Lawrence, 
commander of Mare Island Naval Shipyard, congratulates Lawrence Robbins, head 
welding engineer at Mare Island, for his role in developing more effective welding 
techniques in construction of nuclear submarines 
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HOLD ANNUAL AWS-ASM JOINT MEETING 


latter containing a comprehensive 
list of films on welding. 


Training Manual Released 


In May 1959 the AWS Training 
Manual of Arc Welding was pub- 
lished. This manual was written 
to be used as a text on the subject. 


AWS to Distribute NEMA Booklet 


The National Electrical Mfg. 
Assoc. has prepared a_ booklet 
containing information on the col- 
lege level on arc welding. It is hoped 
that the material will be incor- 
porated into college curricula. 


Future Projects Listed for the 
Coming Year 


The EAC is planning to prepare a 
booklet containing standards for the 
public school systems throughout 
the country. Its purpose will be to 
provide guidance in the establish- 
ment of welding programs with 
particular emphasis on classroom 
and laboratory layouts, equipment 
and courses. 

Also in preparation and nearing 
completion is an in-plant training 
course designed for supervisory per- 
sonnel. Most welding subjects are 
included in this course and it should 
not be long before courses will be 
conducted in many areas from this 
material. 


Section 2 of Welding 
Handbook Still Available 


Copies of the Welding 
Handbook, Fourth Edition, 
Section 2, are still available. 
This particular section is de- 
voted to gas, arc and resist- 
ance-welding processes. Over 
500 pages in length, the vol- 
ume is illustrated with photo- 
graphs, graphs and symbols. 

Copies may be obtained 
from the AMERICAN WELDING 
Society, 33 W. 39th St., New 
York 18, N. Y., at a list price 
of $9.00 per volume. 
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As Reported to Catherine M. O'Leary 


NEWLY ELECTED OFFICERS 


Birmingham—The Birmingham 
Section announces the election of 
the following officers for the fiscal 
year. Chairman, R. A. Davis, 
Chicago Bridge & Iron Co.; Co- 
Chairman, W. W. McCain, Goslin- 
Birmingham Co.; Secretary-Treas- 
urer, K. V. Nickell, Air Reduction 
Co.; Executive Committee, R. W. 
Thiel, E. K. Carlson, R. W. Press, 
P. T. Sessions and W. R. McMa- 
hon. The following members con- 
tinue to serve on the Executive 
Committee: J. W. Bates, G. P. 
Black, C. P. Faulkner and A. E. 
Pearson. 

Chairman R. A. Davis has ap- 
pointed past Chairman E. H. Tur- 
nock to fill the unexpired term of 
Mr. McCain on the Executive 
Committee. 

The following Committees have 
been appointed: Program Chair- 
man, W. W. McCain; Technical & 
Educational Chairman, J. R. Mc- 
Farland, J. E. Durstine, C. T. 
Estock and A. E. Pearson; Mem- 
bership Chairman, P. T. Sessions; 
Entertainment Chairman, T. C. 
Killingsworth and T. L. Curphey; 
Arrangement Chairman, E. K. Carl- 
son; Publicity Chairman, W. R. 
McMahon. 

At a recent meeting of the Execu- 
tive Committee, plans were dis- 
cussed for next year and are under 
way. 


ELECTRODE DEVELOPMENTS 


Los Angeles—The Los Angeles 
Section held its annual joint meet- 
ing with the ASM Los Angeles Sec- 
tion at the Rodger Young Audito- 
rium on April 16, with approximately 
155 members and guests in attend- 
ance. 

The affair, a dinner meeting with 
the AWS Section acting as host, 
featured a paper presented by 
Richard K. Lee, vice president and 
manager—product development for 
Alloy Rods, on “Recent Develop- 
ment in Welding and Welding Elec- 
trodes.” 


SAN DIEGO NIGHT SPONSORED BY LONG BEACH SECTION 


Among officers in attendance to honor San Diego members at March 20th meeting of 
Long Beach Section were (left to right) AWS Past-President C. P. Sander, Vice-Chairman 
Ralph Hogate; AWS President G. O. Hoglund; Chairman J. McClure; G. Garfield and 
Bill deRochey 


President Hoglund pictured with 
Director F. V. McGinley and Past- 
Director C. Breese 


O. B. Bowers receives District Meritorious 
Award Certificate from President Hoglund 


The paper covered the progress 
made in developing the electrodes 
in use for present-day structures, 
time saved in deposition rate, new 
alloys and their uses. It was well 
supported with facts, figures and 
slides and highly enjoyed by all. 

The evening’s program was con- 
cluded with the showing by Don Gil- 
man of an interesting picture in 
color on the harvesting of kelp and 
its many uses. 


HARD SURFACING 


Berkeley—-The regular meeting 
of the San Francisco Section was 
held on April 27th at Spengers Fish 
Grotto in Berkeley. 

R. K. Lee, vice president for 
products development, Alloy Rods 
Co., York, Pa., was the speaker. 
His subject was ‘“‘Hard Surfacing by 
Welding.” 

The speaker discussed the ‘‘open- 
arc’” semiautomatic application of 
hard surfacing. Several slides 


showed some of the applications. 
Also pointed out were the methods 
used to predetermine the weld-de- 
posit composition. Due to the na- 
ture of the production of the filler 
wire, it is easy to change the alloy- 
ing elements to give the desired re- 
sults. 


A very interesting discussion 
period followed. 
At this meeting Chairman L. 


Robbins presented a $150.00 check 
from the Section to R. C. Wiley of 
California Polytechnic Institute. 
This amount is to help in the prep- 
aration of a brochure describing a 
course in “Practical Welding En- 
gineering” to start in the fall of 
1959. 

Also at this meeting a report was 
made on the assistance the Section 
is giving Contra Costa Junior Col- 
lege of San Pablo, in starting in the 
fall of 1959 with a course of study 
on “‘Welding Technician.” 
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HOLD ANNUAL AWS-ASM JOINT MEETING 


a 


Among those responsible for the joint meeting held on April 16th by the Los Angeles 
Sections of AWS and ASM were (left to right): S. R. Oliver, ASM chairman; R. C. Hayes, 
AWS vice-chairman; R. K. Lee, guest speaker; H. A. Curwin, ASM vice-chairman; and 


John Ross, AWS chairman 


Mr. Oliver shown in the process of 
introducing the Section officers 


Mr. Lee speaks on recent developments 
in welding and welding electrodes 


HARD SURFACING 


Sunnyvale—-A dinner meeting 
of the Santa Clara Valley Section 
was held on April 28th at Sabella’s 
in Sunnyvale with 53 attending. 

Speaker at the meeting was Rich- 


BRIDGEPORT SPEAKER 


George W. Kirkley described the welding 
of atomic submarines at the April 16th 
meeting of Bridgeport Section 
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ard K. Lee of Alloy Rods Co., York, 
Pa. Mr. Lee presented an_ in- 
teresting talk covering the field of 
“Hard Surfacing by Welding.” 
Hard surfacing is used to save the 
surface metal from wear, corrosion 
or galling. There are many types of 
welding that will accomplish this, 
but the end result determines the 
type used. 

One type of weld will work harden 
with usage, another is abrasive re- 
sistant, and a third will withstand 
high impact. 

Many interesting slides from var- 
ious industries were shown. They 
included practical illustrations from 
steel mill production, road building 
equipment, hammer-mill operation 
and rock crushing. Where practi- 
cal, semiautomatic welding will save 
considerable time of application. 
Hard surfacing can save much time 
and expense. 


ELECTION OF OFFICERS 
Denver—The May 12th meeting 


of the Colorado Section was held at 
Cavaleri’s Restaurant. After a 
good dinner, the evening activities 
continued with two excellent mov- 
ies. One about the 200-in. tele- 
scope on Mount Palamar and the 
other showing construction of the 
Mackinac Bridge. 

Results of the election of officers 
were announced as follows: Chair- 
man, John R. Mascarello; ist Vice- 
Chairman, Paul J. Foehl; 2nd Vice- 
Chairman, Sam Flohr; Secretary- 
Treasurer, C. E. Reissig; Execu- 
tive Committee, Walter L. Bush, 
David C. Card, H. B. Klodt, E. G. 
Watson and E. W. Weinberger; 
Membership Chairman, R. E. Scott. 


WELDING ATOMIC 
SUBMARINES 


Bridgeport-——-George W. Kirkley, 
Electric Boat Division, General 
Dynamics Corp., Groton, Conn., 
and recently elected Director of 
District No. 1, gave a very interest- 
ing, illustrated talk on atomic sub- 
marine construction, at the April 
16th meeting of the Bridgeport Sec- 
tion held at the Candlelite Restau- 
rant. 

Mr. Kirkley discussed the qual- 
ity control, methods of welding and 
equipment used in fabricating these 
undersea craft. 

A motion picture was shown on 
the consumable weld-insert ring. 

As district director, Mr. Kirkley 
also spoke on the New England 
Welding Conference which is to be 
held in Hartford, October 21-22. 


DISTORTION CONTROL 


Glastonbury The seventh reg- 
ular meeting of the Hartford Section 
took place on April 21st at the Villa 
Maria Restaurant in Glastonbury. 

Prior to the technical program, 
there was a meeting of the arrange- 
ments committee for the New Eng- 
land Regional Welding Conference 
and Show to be held in Hartford in 
October of this year. 

About 50 members and guests 
were present for Student Engineer- 
ing Night and to hear a talk by Prof. 
Herbert A. Sawyer, Jr., Professor of 
Civil Engineering at the University 
of Connecticut. He gave an ex- 
cellent talk on Distortion Control 
in Structural-Steel Welding. 


PLANT TOUR 
Indianapolis — The April meeting 


South Wind Division of Stewart-Warner Corporation builds this heat exchanger of Alcoa Aluminum. It 


4, 
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WINS BATON ROUGE SECTION CONTEST 


Vernon Akers (second from right) was 
the winner of a contest conducted by 
Baton Rouge Section for high school 
students. He is shown above with Sec- 
tion Chairman H. R. Klug, Secretary J. N. 
Shilstone and President G. O. Hoglund 


District Director Jack York (left) acted as 


advisor for young Mr. Akers. Winning 
project, in foreground, included a motor- 
ized model of welding machine for shop- 
fabricated tanks 


of the Indiana Section was held 
Friday, May 1, 1959 at the Western 
Electric Co., at 2 P.M. Mr. Ross, 
general manager of the Shadeland 
Plant, welcomed the _ thirty-one 
members and guests and described 
the various products that they were 
producing. Western Electric is the 
manufacturer of telephones and as- 
sociated equipment for the Bell 
Telephone System. The group had 
a glimpse of the new types of tele- 
phone equipment that will be in 
general use in the near future. 
They also saw other new develop- 
ments now being worked on. 
Immediately following Mr. Ross’ 
talk, the group was broken down 
into smaller groups and taken on a 
guided tour of the Bell Laboratories 
and the manufacturing facilities of 
the Western Electric Co. The Bell 
System maintains a complete labora- 
tory for the testing of all the various 


components produced at the Shade- 
land Plant. 

The group reassembled after the 
tour at Brodey’s Village Inn for 
dinner with twenty-one members 
and guests present. Immediately 
following the dinner, a short busi- 
ness meeting was held. Second 
Vice-Chairman Byron Canine re- 
ported that a team consisting of J. 
R. Wirt, Ed Holt, Art Wood and 
Byron Canine had participated in a 
quiz program at Detroit on the 17th 
of April and had won second place in 
competition with the Detroit and 
Saginaw Valley Sections. 


RESISTANCE WELDING 


South Bend— The Michiana Sec- 
tion turned to resistance welding for 
their April 16th meeting. R. B. 
Strout, field engineer for Thomson 
Electric Welder Co., was the speaker 


and he slanted his talk to the small- 
shop resistance welder. Drawing 
on a long experience in the spot-, 
seam- and flash-welding field, Mr. 
Strout enumerated several tricks to 
be applied to small welding ma- 
chines to increase capacity or to do 
jobs for which the unit was not de- 
signed. For instance, an old rocker- 
arm welding machine without a 
timer can be used for longer weld- 
times by disconnecting the treadle- 
operated switch and putting a mar- 
ually operated push-button on the 
machine. It is amazing, said Mr. 
Strout, how accurately an operator 
can become in timing welds of '/- 
sec or longer weld times. This 
method also allows pulsation weld- 
ing to be done. Lower loads by 
means of low-inertia electrode hold- 
ers can increase the versatility of 
a standard machine. These, too, 
when applied with split horns to 
help distribute the current prop- 
erly, can allow such a machine to be 
used for multiple welds. 

These and many other “Tricks 
for Barnyard Welding’’ formed the 
subject for an unusual treatise on 
resistance welding. 


PLANT MAINTENANCE 


Des Moines—The regular 
monthly meeting of the Jowa Sec- 
tion was held April 16th at the 
Kirkwood Hotel. Twenty-five 
members and guests were present to 
hear R. Groman, of the Eutectic 
Welding Alloys Corp., speak on 
“Solving Difficult Welding Prob- 
lems,’’ and to see a motion picture 
on the ‘‘Manufacture of Sea Miner- 
als’ supplied through the courtesy 
of the Hobart Bros. 


FOURTH ANNUAL DINNER-DANCE HELD BY MARYLAND SECTION 


| 

4 
Among the honored guests and members at the May 9th dinner-dance festivities of 
the Maryland Section were (left to right) seated: Mesdames Jones, Plummer, Claussen, 


Metius, Benson and Sanders. 


Standing (left to right) G. E. Claussen, B. F. Jones, F. L. 


Plummer, H. J. Burnley, R. E. Metius, J. O. Benson and K. H. Sanders 


Dr. Claussen (left) is presented 
with Meritorious Service Award by 
National Secretary Plummer 
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South Wind Division of Stewart-Warner Corporation builds this heat exchanger of Alcoa Aluminum. It 
is used in such high-performance aircraft as the Boeing B-52 jet bomber. Fins are die formed, separa- 
tor plates blanked. Unit is then dip brazed to insure uniform quality, strong joints. 


DIP-BRAZED ALCOA ALUMINUM HEAT EXCHANGERS 
GIVE JET-AGE PERFORMANCE, CUT JET-AGE COSTS 


An engine oil cooler in a jet engine, 
often operating at supersonic speeds 
and stratospheric altitudes, has to 
be dependable. Joints or fins can’t 
fail. To insure dependability, South 
Wind Division of Stewart-Warner 
Corporation builds oil coolers of dip- 
brazed Alcoa® Aluminum. The result 
is a strong, lightweight and easily 
fabricated unit that is produced eco- 
nomically and efficiently. 


South Wind has also found that 
there are other good reasons for us- 
ing the aluminum dip-brazing proc- 
ess. ‘‘We chose dip brazing because 
it yields the most consistent quality 
joint,”” says J. Q. Mosbarger, man- 
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ager of South Wind’s Sales and En- 
gineering Administration. ‘‘We also 
prefer aluminum because it permits 
a heat exchanger design with 33 per 
cent less weight, it increases ex- 
changer efficiency three to four times 
over its closest alternate metal. It is 
the most economical metal, pound 
for pound, we could use.” 


For heat exchangers or for similar 
applications, dip-brazed Alcoa Alu- 
minum is the ideal solution because 
it produces complicated assemblies 
in one-piece, uniformly strong units. 
Closer tolerances in small parts are 
possible, and over-all strength can 
be easily controlled. 

For details, circle No. 10 on Reader Information Card 


Any of the distributors listed at the 
right can give you full information 
on aluminum welding and brazing 
processes. Or, write Alcoa direct for 
free information and loan of films on 
joining aluminum. Write to Alumi- 
num Company of America, 1762-G 
Alcoa Building, Pittsburgh 19, Pa. 


Your Guide to 
the Best in 
Aluminum Value 


For Exciting Drama 
Watch “Alcoa 
Theatre,"’ Alternate 
Mondays, NBC-TV 
and “Alcoa 
Presents,’’ Ever 
Tuesday, ABC-TV 


w 
| 
| ALUMINUM 
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Want technical help in welding, brazing or sol- 
dering aluminum? Contact your Alcoa sales 
office, listed under “Aluminum” in the Yellow 
Pages of your phone book. 

For immediate delivery of Alcoa welding 
products, call your Alcoa outlet listed below. He 
carries a complete range of alloys and sizes. 


ALABAMA 


Birmingham 
Hinkle Supply Co. 


CALIFORNIA 

Los Angeles 
Ducommun Metals 
& Supply Co. 
Pacific Metals 
Company, Ltd. 

San Francisco 
Pacific Metals 
Company, Ltd. 


COLORADO 


Denver 
Metal Goods Corp. 


CONNECTICUT 
Milford 
Edgcomb Steel of 
New England, Inc. 
Windsor 
Whitehead Metals, 
Inc. 


FLORIDA 
Jacksonville 
The J. M. Tull Metal 
& Supply Co., Inc. 
Miami 
The J. M. Tull Metal 
& Supply Co., Inc. 
Tampa 
The J. M. Tull Metal 
& Supply Co., Inc. 


GEORGIA 

Atlanta 
The J. M. Tull Metal 
& Supply Co., Inc. 
Mid-South Oxygen 
Company 

ILLINOIS 

Chicago 
Machinery & Welder 
Corp. 
Steel Sales Corp. 


KANSAS 
Wichita 

Metal Goods Corp. 
KENTUCKY 
Louisville 


Williams and Co., Inc. 


LOUISIANA 
New Orleans 

Metal Goods Corp 
MARYLAND 
Baltimore 


Southern Oxygen Co. 


Whitehead Metals, 
Inc. 
Bladensburg 


Southern Oxygen Co. 


MASSACHUSETTS 


Cambridge 
Whitehead Metals, 
Inc 


MICHIGAN 


Detroit 
Steel Sales Corp. 


MISSOURI 


Kansas City 
Meta! Goods Corp. 
St. Louis 
Metal Goods Corp. 
Stee! Sales Corp. 


NEW HAMPSHIRE 


Nashua 
Edgcomb Steel of 
New England, Inc. 


NEW JERSEY 


Harrison 
Whitehead Metals, 
Inc. 


NEW YORK 


Buffalo 
Whitehead Metals, 
Inc. 


New York 
Whitehead Metals. 
Inc. 

Syracuse 
Brace-Mueller- 
Huntley, Inc. 
Whitehead Metals, 
Inc, 


NORTH CAROLINA 


Greensboro 
Southern Oxygen Co 


OHIO 
Cincinnati 


Williams and Co., Inc. 


Cleveland 
A. M. Castle & Co. 


Williams and Co., Inc. 


Columbus 


Williams and Co., Inc. 


Toledo 


Williams and Co., Inc. 


OKLAHOMA 
Tulsa 
Metal Goods Corp. 


OREGON 
Portland 
Pacific Metal Co. 
J. E. Haseltine & Co. 


PENNSYLVANIA 
Philadelphia 
Edgcomb Steel Co. 
Southern Oxygen Co 
Whitehead Metals, 
Inc. 


Pittsburgh 


Williams and Co., Inc. 


York 
Southern Oxygen Co 


TENNESSEE 
Kingsport 


Southern Oxygen Co. 


TEXAS 
Beaumont 

Big Three 

Welding Equip. Co. 
Corpus Christi 

Big Three 

Welding Equip. Co. 
Dallas 

Metal Goods Corp 

Texas Welding 

Supply Co. 
Houston 

Metal Goods Corp 

Big Three 

Welding Equip. Co 
San Antonio 

Big Three 

Welding Equip. Co 


UTAH 

Salt Lake City 
Pacific Metals 
Company, Ltd. 


VIRGINIA 
Norfolk 
Southern Oxygen Co 


Richmond 
Southern Oxygen Co 


WASHINGTON 


Seattle 
Pacific Metal Co 
J. E. Haseltine & Co 


Spokane 
J. E. Haseltine & Co 


WISCONSIN 


Milwaukee 
Machinery & Welder 


Corp. 
Steel Sales Corp. 
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DISCUSSES ULTRASONIC WELDING 


John Thomas spoke on the subject of ultrasonic welding at the April 6th 


meeting of Worcester Section. 


At head table are (left to right) 


J. Forand, E. Hall, Mr. Thomas, Chairman Bill Frye and E. Spellman 


Mr. Groman’s main topic was the 
high cost of plant maintenance and 
what welding could do to improve 
this condition. He suggested that 
a solution to the problem could be 
accomplished through better man- 
agement, closer relationship between 
the maintenance supervisor, welder 
and metallurgist, learning more 
about metals, analysis of the prob- 
lem, and development of new tech- 
niques in repair welding. Mr. Gro- 
man also discussed the difficulty in 
weld repair of cast iron and men- 
tioned that the maintenance welder 
does not necessarily know the com- 
position of the material he is work- 
ing on, whereas production welders 
do; nevertheless, he must select the 
proper electrode and make the right 
repair on the first try. 


HIGH FREQUENCY 


Wichita—The final meeting of 
the season of the Wichita Section 
was held on May 11th at Howard’s 
Foodliner. Cocktail hour and din- 
ner preceded the meeting. Speaker 
was R. E. Purkhiser, development 
engineer for Air Reduction Co., 
Union, N. J. His subject was 
“High-Frequency, Its Problems and 
Benefits in Gas-Shielded Tungsten- 
Arc Welding.” 


QUIZ PROGRAM 


Baltimore—A “Battle of the 
Sections’”’ sponsored by the Mary- 
land Section took place on April 
17th at the Baltimore Engineers 


Club. A list of questions were pre- 
pared by George Linnert and Ger- 
ald Claussen. Mr. Wilson Rohde 
was master of ceremonies. E. E. 
Goehringer was official observer. 

The winning team with 126 points 
was the Lehigh team composed of 
Bob Somers, Al Bavaris and Leon 
McGeady. 

The other teams were: York, 
Stan Hughes, Bon Marshall and 
John Lang; Baltimore, Dick Met- 
ius, Hugh Justis and E. B. Lutes; 
Spacemen, Carl Wagner, Bob Walt- 
ers and John Croft. 

Judges were: Lew Wiley, York- 
Central Pa. Section; Frank Torok, 
Lehigh Valley Section, and Al Earl- 
beck, Maryland Section. 

A good time was had by all. 


ANNUAL DINNER DANCE 


Baltimore—The Maryland Sec- 
tion held its fourth Annual Dinner 


ALUMINUM WELDING 


Chairman E. M. Anderson and President 
G. O. Hoglund shown at the March llth 
meeting of Pascagoula Section. Presi- 
dent Hogiund presented a talk on welding 
of newer high-strength aluminum alloys 
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Dance at the Southern Hotel on 
May 9th. 

The Section was honored again 
this year by the presence of Na- 
tional Secretary Fred L. Plummer 
and his gracious wife. Mr. Plum- 
mer made the presentation of the 
Meritorious Service Award to Dr. 
Gerard E. Claussen who has be- 
come a member of this Section only 
lately but who has long been active 
in national Society affairs. 

The local materials and equip- 
ment suppliers who have so ably 
supported the Section throughout 
the year by their advertising in the 
programs, contributed liberally to 
the affair in the form of door prizes 
which were distributed after Mr. 
Plummer’s talk. 

Again this year there was dancing 
in the Hawaiian Manner by Miss 
Lei Aloha Lee. 

The song session was lead by 
Frank Jones, the new Chairman, 
and assisted by Bruce Wood. 

Dancing was enjoyed to the music 
of ‘“‘The Diplomats.” 


Massachusetts 


INSPECTION 


Thompsonville—The May 
meeting of the Western Massachu- 


setts Section was held on Tuesday, 
May 14th at the Silhouette Restau- 
rant in Thompsonville, Conn. Fol- 
lowing an excellent steak dinner, 
the annual election of officers was 
held with the following results. 
Chairman, Harley Goodrich; Vice- 
Chairman and Program Chairman, 
Raymond G. Trombley; Secretary, 
Maurice S. Lawlor, Jr.; Treasurer, 
Leon Jaeger, Sr. 

The guest speaker of the evening 
was Robert G. Strother, manager 
Eastern Region, Magnafiux Corp. 
Mr. Strother’s subject was ‘‘Mag- 
netic Particle and Penetrant In- 
spection.” The talk was supple- 
mented by slides and included var- 
ious nondestructive inspection meth- 
ods. 

Following the talk, an interesting 
and informative discussion was en- 
joyed by all. 


ULTRASONIC WELDING 


Worcester-—-The scheduled 
speaker, W. C. Potthoff, vice presi- 
dent of Aeroprojects, Inc., was un- 
able to be present at the April 6th 
meeting of the Worcester Section 
held at the Tower House. How- 
ever, John Thomas very ably sub- 
stituted for him by talking on 
“Ultrasonic Welding.” 


Over 40 members and guests were 
on hand to hear some of the interest- 
ing facts about this new type of 
welding. It was pointed out that 
the best results have so far been ob- 
tained with light-gage aluminum. 
Good mechanical, electrical and 
pressure-tight joints are obtained 
with this process. One of the ad- 
vantages of this process is the abil- 
ity to weld dissimilar metals such as 
copper to aluminum. 


NUCLEAR ENERGY USES 


Ann Arbor—Detroit. Section’s 
own Les Wagner, who has been 
long identified with the welding 
program at the University of Michi- 
gan and who has been the driving 
force behind much of the Section’s 
activities, was host to the members 
and their ladies during an evening 
tour on April 23rd through the Uni- 
versity of Michigan’s Memorial- 
Phoenix Project. This project has 
been heavily endowed by individ- 
uals, groups and corporations to 
further the development of nuclear 
energy and its by-products for 
peaceful purposes. Around a cen- 
tral laboratory which houses a full 
sized, nuclear reactor are many 


DETROIT SECTION MAKES MERRY AT ANNUAL LADIES NIGHT 


A part of the 800 guests and members of the 
Detroit Section enjoying the dance floor at the 


Latin Quarter on Ladies’ Night, May 16th 


Incoming Section Chairman Ray 
Wilcoxson and Mrs. Wilcoxson give proof 
that the affair was a gay one 
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Retiring Section Chairman Larry Kendall 


and Mrs. Kendall, shown in foreground, were 


among the merrymakers 


Art Brown was in charge of the party. 
He is shown counting tickets prior to 
distribution of prizes to the ladies 


A gets ‘“‘shot.’’ Director 
Ray Stitt having a good time with 
his favorite hobby 


Michigan 
fis: 


The role played by welding engineering in engineering education was 


discussed at length by Roy B. McCauley before the New Jersey Section 


on April 21st. 


Part of attentive audience is shown above 


Prof. McCauley is congratulated by 
President-Elect Charlie MacGuffie 


at the completion of main address 


other laboratories fitted for research 
in medicine, biology, metallurgy, 
food preservation, and other fields 
beyond counting. The project has 
no program of its own other than to 
serve the research needs of the entire 
University and, from the beginning, 
it has been a crowded activity with 
space and facilities scheduled most 
carefully to serve the greatest num- 
ber of researchers. The visitors 
were able to manipulate some of the 
complicated devices which gently 
handle the smallest objects in re- 
sponse to the slightest hand motion 
even though heavy walls sepa- 
rated the operator from the object. 
Great care is observed to avoid ra- 
diation contamination. The group 
of 128 agreed it was an exceptionally 
enjoyable and instructive evening. 


LADIES NIGHT 


Detroit—The Detroit Section 
once more gathered with its ladies 
and guests and crowded Detroit’s 
Latin Quarter to capacity for a 
wonderful evening of good fellow- 
ship on May 16th. Over 800 at- 
tended and several hundred more 
were disappointed at not being able 
to obtain tickets for this best of 
parties. About a third of the la- 
dies went home with prizes which 
ranged all over the list of good 
things from wrist watches, clocks, 
radios, barbecue grills and a case of 
motor oil. Those ladies who did 
not receive prizes this year are look- 
ing forward to next year when the 
Section’s many friends will once 
more provide for their charming 
guests. Two bands alternated to 
keep the dance floor full, with time 
out for a good floor show. 

The highlight of the evening was 
the “change of watch’? when past 
chairman Larry Kendall ended a 
year of fine leadership by turning 
over his post to Ray Wilcoxson and 


announcing the other officers and 
the new committee. 


SPRING SYMPOSIUM 


Grand Rapids—The Annual 
Spring Symposium of the Western 
Michigan Section was held at the 
First Methodist Church on Friday, 
April 17th. 

The procedure was changed this 
year from an all day affair to an 
afternoon and evening meeting, in- 
cluding dinner. 

Registration was from 4 until 4:30 
P.M. with the first talk starting at 
4:45. The first speaker was Helmut 
Thielsch, metallurgical engineer with 
the Grinnell Co. of Providence, R. I. 
Mr. Thielsch talked on the subject, 
“Why Welds Fail.’”’” His talk was 
well prepared and straight to the 
point covering the many reasons 
why welds do fail and means to 
eliminate them in design. 

Dinner was then served at 6:15 
P.M. in the main dining room of the 
Church. The coffee speaker was 
Prof. Guy Hill of the Continuing 
Education Department of Michigan 


State University. Prof. Hill talked 
on the subject of ‘He Who Laughs 

Lasts.” This was the second 
visit by Prof. Hill and he was well 
received. His talk was very humor- 
ous and had, as well, an excellent 
punch line. 

At 8:00 P.M. the meeting ad- 
journed to the main meeting room 
for the last lecture of the evening by 
Irwin Steinberg, manager of the 
Vibro Ceramics Division of Gulton 
Industries, Metuchen, N. J. His 
subject was on “Basic Funda- 
mentals of Ultrasonic Welding.” 
Slides were used to bring out the 
main points of this new process. 
Ultrasonic cleaning and drilling were 
also discussed. 


WELDING ENGINEERING 
COURSE 

Newark Eighty-five members 
and guests of the New Jersey Sec- 
tion were treated to an outstanding 
program at the Essex House on April 


SPEAKS ON WELDING OF HIGH-NICKEL ALLOYS 


R. P. Culbertson’s topic at the April 23rd 
meeting of the Niagara Frontier Section 


was the welding of nickel and high-nickel 
alloys 


Among those present to hear Mr. Culbert- 
son was Bob Siemer, Section secretary- 
treasurer and an active member of AWS 
for 35 years 


WELDING JOURNAL | 705 


WELDING ENGINEERING IN ENGINEERING EDUCATION IS THEIR TOPIC 


HOLD SYMPOSIUM ON COST-CUTTING TECHNIQUES 


Speaker's table lined with distinguished guests and Section officers for Cleveland's 20th 
Annual Welding Symposium (left to right): Bill Gordon, toastmaster; Fred Plummer, 


national secretary; Dave Thomas, AWS vice-president; 


Harry McBride, past chair- 


man; Everett Benedict, Symposium dedicatee; Tom Dempsey, Section chairman; Dr. 
Kenneth McFarland, speaker; Irving Schreck, Symposium chairman; Robert Pagen- 
kopf, first vice-chairman of Section, and Loren Miller, Section technical chairman 


2lst. They were pleased to learn 
that the new President, C. I. Mac- 
Guffie, came from their ranks and 
had an opportunity to listen to his 
general remarks. They also learned 
that two of their members, Messrs. 
Koopman and Mikulak were recip- 
ients of medals at the 40th Annual 
Meeting in Chicago. 

The principal speaker was Roy B. 
McCauley, Jr., Chairman of the De- 
partment of Welding Engineering at 
Ohio State University. He pointed 


When You Weld Cast Iron 
Select the Correct 


CAST IRON WELDING RODS 
OR ELECTRODES 


FUSE-WELL No. 11, Square—Gray Cast 
Iron Welding Rod for Acetylene use in 
filling or building up new or worn 
castings producing machineable welds. 


FUSE-WELL No. 12, Round—Has the 
same uses and analytical ingredients 
as Fuse-Well No. 11. 


FUSE-WELL MOLY 
FUSE-WELL No. 14, Moly—An Iron 


Base Rod with alloys added for finer 
grain structure and greater strength. 


FUSE-WELL No. 22, Electrode — Light | 
coated Rod to be used for AC or DC 
welding in the fabricating and repair- 
ing of cast iron castings. 
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out that his college has been the 
leader in establishing a complete en- 
gineering course leading to a degree 
in Welding Engineering. He re- 
marked that industry, in seeking 
improved production methods, has 
turned heavily toward welding and 
that industry has also come to ex- 
pect engineering treatment not just 
“joining.” 

Industry is planning ahead, ex- 
pressing immediate requirements in 
the heavy demand for welding en- 
gineers; in fact, all of Ohio State’s 
June graduates have been placed. 
Questionnaires have indicated that 
by 1968, the demand for welding 
engineers will be 50 to 100% over 
the 1957 demand. Prof. McCauley 
also pointed out that 1970 industrial 
production can’t be reached with 
present tools and machines and will, 
therefore, place heavy demands on 
welding engineers and equipment. 

Prof. McCauley outlined the type 
of training given to welding en- 
gineers. Besides background cur- 
ricula common to all engineering, 
courses included design, processes, 
materials, mathematics, metallurgy, 
electrical engineering, procedures 
and similar subjects designed to give 
training breadth. He pointed out 
that this curricula was not only as 
thorough and extensive as any en- 
gineering course, but that also the 
graduates are well qualified to cope 
with a wide variety of present and 
future industrial requirements. The 
questions directed to Prof. McCau- 
ley indicated that the members were 
unusually interested in this subject. 


GAS-SHIELDED WELDING 


New York—On Tuesday, April 
14th, the last regular technical 


meeting was held by the New York 
Section. 

The speaker was Ed Dato, east- 
ern regional manager for electric 
welding of the Linde Co., New York 
City. 

The topic that he had selected was 
““Gas-Shielded Arc Welding’ and 
this proved to be one of the most 
provocative talks ever given. The 
speaker spectacularly described 
automation methods used in inert 
gas, spot welding of the fins of the 
‘Terrier Missile’’ and a film was also 
shown in connection with these 
methods. The setup caused con- 
siderable discussion by everyone 
present, since no one had any idea of 
the precision tool and automatic op- 
erations which are being performed 
with the inert-gas process. The en- 
tire programming of the operation is 
first set up on tape, fed into a ma- 
chine and the inert-gas spot-welding 
torches follows the instructions fed 
into the unit from the prerecorded 
tape and without any human assist- 
ance the job is carried out. 

A considerable question and an- 
swer period followed after the talk 
and a record assembly of seventy 
members attended the meeting. 

As usual, an excellent dinner was 
served prior to the meeting held at 
Victor’s Restaurant. 


WELDING OF ALLOYS 


Buffalo—The regular monthly 
meeting of the Niagara Frontier 
Section was held on April 23rd at 
the Cypress Inn. An excellent din- 
ner of steak and fried chicken was 
served in a Hawaiian atmosphere 
with leis being worn by all guests. 

The speaker of the evening was 


DISCUSSES RESISTANCE- 
WELDING MACHINES 


The development and application of re- 
sistance-welding machines for auto- 
motive parts was covered by J. F. 
Cantalin at the April 14th meeting 
of Dayton Section 
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LADIES’ NIGHT SPONSORED BY MAHONING VALLEY 


Shown at the April 17th Ladies’ Night affair sponsored by the Mahoning Valley Section 
are (left to right) Program Chairman E. Craig; Mrs. Craig; Chairman F. Johnson; Mrs. 
Johnson; Miss Winona Cross; and Secretary-Treasurer R. Foxhall 


Russel P. Culbertson, design and 
welding engineer of Haynes Stellite 
Co., Kokomo, Ind., who spoke on 
the fabrication and welding of the 
various Hastelloy alloys. The talk 
was accompanied by slides showing 
physical values at elevated tempera- 
tures. 

Also present was Robert Siemer, 
secretary-treasurer of the Section, 
a life member and award winner, 
who has been active in the SOcIETY 
for 35 years. He has been secre- 
tary-treasurer of the Niagara Fron- 
tier Section, formerly Western New 
York Section, for the past 20 years. 
Much of the success and growth of 
this section has been due to his con- 
stant activity in its behalf. Al- 
though retired from active service 
for New York State, “Bob’’ still 
keeps his hand in by representing 
Mills Welding Supply Co. of Buffalo. 


LADIES NIGHT 


Pittsfield—The last meeting of 
the season of the Northern New York 
Section was a “Ladies Nite’ dinner 
dance held at the Stanley Club in 
Pittsfield, Mass., with 17 couples in 
attendance. Dance music was pro- 
vided by Jim Wellis and his orches- 
tra from 9 to 12. 


WELDING STAINLESS STEEL 


Wellsville—On the evening of 
April 21st, the Olean-Bradford Sec- 
tion members met at the Hotel Fas- 
sett, Wellsville, N. Y., to enjoy a 
delicious roast beef dinner and to 
hear a most informative talk by 
Thomas Moore, assistant director of 
research for Arcos Corp., Philadel- 
phia. Mr. Moore’s talk on “‘Weld- 
ing of Stainless Steel”’ covered many 
of the problems encountered in weld- 
ing this type of material and the 


| 


recommendations for overcoming 
the difficulties. He very ably ex- 
plained the “‘whys”’ of the problems 
in semitechnical terms, which added 
a great deal to his presentation. It 
should be mentioned that Mr. 
Moore graciously agreed to fill in for 
Wayne Wilcox, sales engineer for 
the same company, who had been 
taken ill. 


POWERFUL 


HI-AMP 


GROUND 
CLAMPS 


Test these features of the 
best Ground Clamp you ever 
used. 


® Spring connot be knocked ov?. 


® Spring adjustment screw for easy re- 
placement or adjusting. 


® Sturdily built for excessive abuse. 


® Designed especially for all-around weld- 
ers needs. 


North Carolina 


MAINTENANCE WELDING 


Raleigh—-The regular meeting of 
the Carolina Section was held on 
April 27th at Sauls Barbecu, Ra- 
leigh, with 28 members and guests 
present. The meeting was opened 
with a prayer at 7:00 P.M. 

Guest speaker for the evening was 
L. D. Richardson, assistant general 
sales manager for Eutectic Welding 
Alloys Corp., Flushing, N. Y. His 
subject for the evening was “‘Main- 
tenance Welding, How-to-do-it and 
Techniques.” Mr. Richardson 
showed several slides of large pieces 
of equipment that had been repaired 
by proper maintenance welding. 
The savings in being able to main- 
tain equipment by welding and 
adding years of service was shown by 
use of various techniques. 


LADIES NIGHT 
Cleveland—‘‘I’ve never seen a 

welder in a Mexican hat, but this I 

know, I’d rather be one than see 
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one.”” This was the theme song 
(with apologies to Ogden Nash) of 
the members of the Cleveland Sec- 
tion for their annual social event, 
Ladies Night. Some 200 members, 
their wives and guests got together 
at the Hotel Manger on April 24th 
for an evening of dancing, entertain- 
ment and buffet, all with a “‘south of 
the border Decorations, 
hats, music and food ‘“‘a la Mexico”’ 
sparked one of the most successful 
social events ever held by the Sec- 
tion. Mrs. Eva Karnatz, an en- 
gineer with Ryan Industries and the 
Section’s only lady member, headed 
the committee that planned and ex- 
ecuted the affair. 


ANNUAL SYMPOSIUM 


Cleveland—-The Cleveland Sec- 
tion’s 20th annual Welding Sym- 
posium was held on May Ist. The 
theme of the Symposium was “‘Im- 
proved Cost-Cutting Techniques,” 
giving local metalworking industry 
an opportunity to review new de- 
velopments in welding and cutting. 
The all-day Symposium was held at 
the Cleveland Engineering and Sci- 
entific Center. 

Educational exhibits of welding 
and cutting processes were open 
from 10:30 in the morning. Start- 
ing at 2:00 p.m. Robert Wilson of 
The Lincoln Electric Co. discussed 
“New Concepts in Arc Welding”: 
Ed Young of the Harris Calorific 
Co. told of the ““Advantages in the 
Use of Natural Gas” and J. R. Wirt 
of the Delco Remy Division, Gen- 
eral Motors, discussed ‘‘Making Re- 
sistance Welds Better and Faster.” 
In the evening Dr. Kenneth McFar- 
land, Industrial Advisor and educa- 
tor, talked to some 500 dinner 
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guests. One of the country’s fore- 
most public speakers, he gave a talk 
that held the audience completely 
for almost an hour as he not only 
amused them but also was helpful 
and inspiring. 

The Symposium was dedicated to 
Everett R. Benedict, who, as a mem- 
ber for the past thirty years, has held 
almost all the major offices of the lo- 
cal Section, numerous committee 
posts, and has been untiring in his ef- 
forts to help the Section. In weld- 
ing, his contributions to the success 
of pipe welding have been signifi- 
cant. 

General Chairman for the Sym- 
posium was Irving Schreck. Tech- 
nical Chairman was Loren Miller. 
New officers installed by retiring 
Chairman, Harry McBride, were: 
Thomas L. Dempsey, chairman; 
Robert C. Pagenkopf, first vice- 
chairman; Wasil Romance, second 
vice-chairman and Raymond Metz- 
ger, Jr., secretary-treasurer. 


RESISTANCE WELDING 


Dayton The Dayton Section 
met on April 14th for a roast beef 
dinner and meeting at Kuntz’s Cafe. 
Over forty members and guests were 
present. 

John F. Cantalin, engineer-in- 
charge—-Electrical and Hydraulic 
Department of the Fisher Body Di- 
vision, GMC, was the guest speaker. 
Mr. Cantalin’s subject covered the 
development and application of re- 
sistance welding machines for seat 
frames and the drip molding to roof 
panels. Colored slides were used to 
show the construction of the gun 
seam welding unit developed by 
Fisher Body for these welds. 

Prior to the meeting a film, ‘““What 


dealer or write 
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Is Cold,’”’ was shown by the Frigi- 
daire Division of GMC. 


WELDED DESIGN 


Marion—A joint meeting of the 
North Central Ohio and Columbus 
Sections was held on April 17th at 
the Holiday House in Marion. 

Featured speaker was James F. 
Lincoln, chairman of the board of 
the Lincoln Electric Co. 

Mr. Lincoln spoke on the design 
for welded construction. He com- 
pared the weld of yesterday with the 
weld of today; also, the advantages 
of welded construction as compared 
with bolted and riveted construction. 
In addition, he discussed the rela- 
tionship between weld appearance 
and weld quality. 


WELDING METALLURGY 


Toledo— The ToledoSectionspon- 
sored a series of four lectures on 
Welding Metallurgy of Ferrous Ma- 
terials during April. The course was 
based on the book “Welding Metal- 
lurgy”’ by Messrs. Claussen, Henry 
and Linnert. The Toledo area 
showed a great interest in the series, 
with attendance averaging 200 
people. The series was held at the 
University of Toledo. Subjects and 
speakers were as follows: Metallurgy 
and Weldability of Low-Carbon 
Steels, by G. E. Claussen, Arc- 
rods Corp.; Metallurgy and Welda- 
bility of Low Alloy Steels, by P. W. 
Ramsey, A. O. Smith Research Lab. 
Metallurgy and Weldability of Aus- 
tenitic Stainless Steels, by Hal- 
lock C. Campbell, Arcos Corp.; 
Metallurgy and Weldability of Mar- 
tensitic Stainless Steels, by J. E. 
Fitzgerald, Alloy Rods Corp. 


About two years ago a miniature Tig torch was developed by a welding 
engineer for high temperature circuit work. These first samples led to a 
temporary run on the plant model shop. The word soon leaked into other 
welding shops and the Argopen Model B was born shortly thereafter as a 
commercial product. 

This precision miniature Tig torch handles like a mechanical pencil 
even to advancing and retracting the tungsten electrode beyond the cup 
end. The model B is conservatively rated at 20 amperes. The user net 
price is only $25.00 complete including instructions and ready for use on 
your lightweight aluminum, stainless, CRS, copper, nickel etc. See your 


THE ARGOPEN COMPANY 


207 Allen Road 


N. Syracuse 12, N. Y. 
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PHILADELPHIA FEATURES BATTLE OF SECTIONS 


Four teams vied for honors at the April 20th ‘Battle of the 


Sections” in Philadelphia. 


Campbell and W. Scattergood 


The host team came out on top. 
Left to right are B. Gates, R. Bradway, Moderator C. Dooley, H. 


The judges for the informal question-and-answer session were 
W. Wooding, Philadelphia Section, A. Bavaria, Lehigh Valley 
Section; D. Rozet, York-Central Pa. Section; and G. Reed, 


Susquehanna Valley Section 


LADIES NITE 


Warren A very enthusiastic 
crowd of over 150 members, guests 
and their ladies attended the Ma- 
honing Valley Section’s Fifth Annual 
“‘Ladies Nite” affair on Friday eve- 
ning, April 17th, at the El Rio Res- 
taurant in Warren. 

A cocktail hour starting at 6:30 
P.M. preceded the dinner and enter- 
tainment for the evening. The high- 
light of the evening’s affair was the 
presentation of free gifts donated by 
local companies and personnel in- 
terested in supporting the Section. 
A total of seventy-eight gifts were 
donated to the ladies and each one of 
them went home with a souvenir of 
the event. The supporting com- 
panies were very generous in that 
the gifts ranged from free dinners for 
two people to automatic coffee mak- 
ers, TV trays and barbecue sets. 

To close the evening’s program, a 
five-piece band was on hand for the 
dancing enjoyment of the guests. 

This year’s turnout was the larg- 
est in the Mahoning Valley’s history 
and the Section officers appreciate 
the fine support given to this affair 
by all the members and guests who 
attended. 


Oklahoma 


TECHNICAL REPRESENTATION 


Tulsa—The Tulsa Section met 
for cocktail hour and dinner meeting 
at the Alvin Hotel on May 6th. 

The Section’s technical represen- 
tative, Harold R. Kratchmar, of 
Phillips Petroleum, gave an excellent 
talk on what his duties are and how 
members and guests can receive more 
from the Socrety by using the 
services that are available for the 
asking. Everyone was surprised at 


the amount of information that he 
has on file at all times. 

This information was followed by 
a 16 mm colored film of the Crose- 
Price-O-Matic Double  Jointer, 
which was developed in Tulsa. 


Philadelphia The Philadel- 
phia Section ‘acted as host on April 
20th to the York-Central Pa., Le- 
high Valley and Susquehanna Valley 
Sections in their annual “Battle of 
the Sections.”’ 

Each Section was represented by a 
four-man team and a judge. Pre- 
pared questions were asked of each 
team by the moderator of the Phila- 
delphia Section. The answers were 
judged by the team of judges. 

The teams and judge for each were 
as follows: Lehigh Valley, Frank 


Couch, Carl Kreidler, Dr. Robert 
Stout and Robert Bartholomew, 
with A. Bavaria as judge; York- 
Central Pa., Dillon Nickey, Wm. 
Ciccarelli, Vince Woodward and 
Tom Boyer, with Dave Rozet as 
judge; Susquehanna Valley, J. 
Cameron, Bill Rupreclit, Joe March 
and George Case, with George Reed 
as judge. 

The Philadelphia Section won the 
Battle with Bill Scattergood, Hal- 
lock Campbell, Byron Gates and 
Ralph Bradway. Walter Wooding 
represented Philadelphia on the 
Judges bench. 

Chairman Carl Schaub opened the 
meeting by announcing the newly 
elected officers and board members 
for the coming year, and extended 
his deep appreciation for the help 
given him by his officers and board 
members. 

The newly elected officers are: 


SHIPYARD VISITED BY PHILADELPHIA SECTION 


Members of the Philadelphia Section toured the Sun Shipbuilding 
and Dry Dock Co. yards and shops on Monday, May 4th 
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National and Section officers at the 22nd Annual Tri-State Dinner and Ladies Night held 
by Pittsburgh Section on April 24th are (left to right) J. F. Minnotte, secretary; D. H. 
Marlin, new vice-chairman; AWS President G. O. Hoglund; H. Ed Cable, outgoing chair- 
man; AWS National Secretary F. L. Plummer; J. W. Kehoe, District director; and P. E. 
Masters, new chairman. Honorary Member H. M. Priest is at left in front of speakers’ 
table 


Part of the 424 members and guests who attended the affair 


DESIGN AND WELDING OF PRESSURE VESSELS 


National Secretary Fred L. Plummer discussed the design and welding of pressure 
vessels, following a talk on Society activities by President G. O. Hoglund at the March 


5th meeting of the Chattanooga Section. Pictured (left to right) are J. H. Mesick, Presi- 
dent Hoglund, Chairman W. B. Bunn, Secretary Plummer, John Dixon and H. J. Korner 
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Frank Iapalucci, chairman; Walter 
Wooding, vice-chairman; K. Wm. 
Ostrom, treasurer; D. Buerkal, 
secretary 


Al Young, Wm. Brooks and Nor- 
man Moody were elected to serve on 
the Board for a three-year term end- 
ing 1962. 


SHIPYARD TOUR 


Philadelphia — The Philadel- 
phia Section topped off the season’s 
Panel Meetings with a tour of the 
Sun Shipbuilding and Dry Dock Co. 
yards and shop on Monday, May 
4th. 

Charlie Dooley, welding engineer 
for Sun Ship and a member of the 
executive board of the Philadelphia 
Section conducted a _ well-planned 
tour. 

Guests were able to view ships 
in the various stages of construction 
from the keel to the outfitting, in- 
cluding shop welding and fabricat- 
ing, as well as the unique drawing- 
room practice established at Sun 
Ship. 

One of the most interesting jobs 
was the construction of a 750-ft 
Super-Tanker for which an extension 
had to be built to the ways. 

Another was the ultra modern 
oxyacetylene equipment which au- 
tomatically cuts shapes from a pat- 
tern 1/100 of full scale. 

One got the impression that here 
was a fabricator who was not only 
using welding to its fullest advan- 
tage but was also contributing much 
to the advancement of welding. 

*“Sun”’ personnel described the 
yard and its operations. A vote of 
thanks was given to the following 
personnel: Messrs. A. A. Holzbaur, 
F. H. Hoot, Jr., L. Triboletti, F. 
Bray, H. Dongel, C. Zeien, G. Tros- 
ley, W. Dill, D. Van Horn, A. Wag- 
ner, C. Fleming and A. Smith. 


ANNUAL DINNER 


Pittsburgh—The 22nd Annual 
Tri-State Dinner and Ladies Night 
sponsored by the Pittsburgh Section 
was held at the Hotel Webster Hall 
on Friday Evening, April 24th. 

This was the largest and best at- 
tended to date with 424 members 
and guests and their wives present. 

Among the honored guests pres- 
ent who responded to introductions 
were National President G. O. Hog- 
lund and National Secretary F. L. 
Plummer. 

Entertainment was furnished by 
the “‘Liquidaires,”’ an unusual nov- 
elty group demonstrating uncanny 
ability to produce harmony and a 
cadence of symphonic sounds while 
performing comedy routines. 

Bicentennial souvenirs were pre- 


TRI-STATE DINNER AND LADIES’ NIGHT 
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DESCRIBES FABRICATION OF DRESDEN SPHERE 


Pictured at the April 22nd meeting of the Houston Section are (left to right) Frank Finley, 
Don Middlehurst, Guest Speaker Horace Funderburk, Chairman H. F. Crick and 


Harry L. Toops. 


‘Fabrication of Dresden Sphere”’ was topic of Mr. Funderburk’s talk 


sented by retiring Chairman Ed 
Cable to prominent speakers and 
guests. 


Rhode Island 


PIPE WELDING 


Providence The April 15th 
meeting of the Providence Section 
was held at Johnson’s Hummocks 
where the members enjoyed their 
usual social hour and dinner. 

Guest speaker was Richard Fo- 
garty of Tube Turns and a member 
of the Section. His very informa- 
tive talk was on welded pipe joints 
and how the welding of pipe joints 
will influence pipe manufacturers. 

The talk covered the oldest 
method of joining pipe to the thin 
wall pipe. The bell and spigot joint, 
the compression type of joint, the 
threaded joint, the soldered joint 
and the silver brazed joint were all 
discussed. He also pointed out that 
the welded joint, which is about 
thirty years old, is an ideal method 
of joining since the system is left in 
one complete unit. 

Mr. Fogarty went on to compare 
the amount of manpower that was 
required to put an 8-in. pipe line into 
working order in 1902. Slides were 
used to show the difference in those 
days and the present. 


WELDMENTS 


Houston—The Chairman of the 
Houston Section, H. F. Crick and 
the Vice-Chairman, Malcom Avis, 
met with the Corpus Christi Division 
on April 20th for dinner and meeting 
with 32 present. Mr. Crick showed 
the film entitled ‘““Welding of Con- 
tainment Sphere for Dresden Nu- 
clear Power Station.” 


This film was also shown at the 
meeting of the Houston Section held 
on April 22nd and traces the evolu- 
tion of a 190-ft diam Hortonsphere 
built to house the atomic reactor at 
Dresden Nuclear Power Station. 
The speaker at this meeting was 


STUDENTS SPONSORED BY 
SAN ANTONIO SECTION 


Wrought-iron sign made and presented 
to the Harlandale Lion’s Club Little 
League Field by members of the Harlan- 
dale Vocational Industrial Club No. 126 
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Horace Funderburk, engineer with 
the Chicago Bridge and Iron Co., 
who spoke on the fabrication of the 
Dresden Sphere. 

On April 24th, Mr. Crick met 
with the Austin Division at Austin, 
Tex. for a dinner and meeting of that 
division with 23 present. Mr. Crick 
spoke to the group on the subject of 
welded highway bridges, using slides 
in his presentation. 


WELDING AND METALLURGY 


San Antonio—-At the May 4th 
meeting of the San Antonio Section, 
B. D. Rowland, metallurgical en- 
gineer with Earle M. Jorgensen Co., 
presented his last in a series of three 
lectures which have been very in- 
formative and beneficial to the Sec- 
tion. Mr. Rowland used as his topic 
for this lecture ‘Welding and Metal- 
lurgy,”’ explaining the three stages in 
welding—liquid, intermediate, and 
solid—and their effect on metal. 

The Section sponsored Joe Silva of 
San Antonio Vocational and Techni- 
cal High School, a member of the 
Vocational Industrial Club No. 119 
and a student member of the So- 
CIETY, to the Club’s State Meet held 
in Galveston, May 8-10. Other 
student members of the Section from 
San Antonio Vocational and Tech- 
nical High Schoo! who attended were 
Johnny Fears, Loe Longoria, Carlos 
Ortiz and Henry Ramos. Among 
those attending the meeting in Gal- 
veston from Harlandale High School 
Vocational Industrial Club No. 126 
was Tex Schmidt, another student 
member. 

It was most gratifying to note the 
awards won by these boys. Job 
Application—Joe Silva, 2nd _ place; 
Henry Ramos, 3rd place. Student 
Selected Jobs—-Henry Ramos, 2nd 


SEMIAUTOMATIC WELDING 


Inspecting semiautomatic welding equipment at the April 17th meeting of 
Fox Valley Section are (left to right) Max Kern, John Teigen, 


S. B. Owings and Tom Krizenesky 
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WITH MADISON SECTION 


Discussing advancement in cutting torch 
design at the April 16th meeting of Madi- 
son Section are (left to right) Norman 
Beaton, Charlies Peters and Dean Kurt 
Wendt, all from the University of Wis- 
consin 


place and honorable’ mention; 
Johnny Fears, 3rd place. Technical 
Information Henry Ramos, Ist 
place and a gold medal; Joe Silva, 
3rd _ place. Tool Identification 
Johnny Fears, Ist place and a gold 
medal. 

These are the future welders of 
America, and the San Antonio Sec- 
tion takes pride in the nine student 
members they are sponsoring. 


ELECTRODE COATINGS 


Salt Lake City -The April 
Meeting of the Salt Lake City Sec- 
tion was held at the Panorama Inn 
with 98 members present. 

Speaker for the evening was Harry 
F. Reid, Jr. of the McKay Co. of 
York, Pa. His topic was titled, 
“It Isn’t Mud” and the talk was 
supplemented with slides. 


Mr. Reed’s discussion started 
with the purpose of electrode coat- 
ings, from the insulation values to 
the metallurgical aspects. He also 
very aptly explained the various 
types of coatings used in the past 
and showed the chemistry of the 
coatings used at the present time. 

This was a very educational meet- 
ing. 


Wisconsin 


SEMIAUTOMATIC WELDING 


Appleton The scheduled 
speaker for the April 17th meeting of 
the Fox Valley Section was forced 
to cancel at the last moment, 
but, fortunately, S. B. Owings and 
A. C. Gast, technical representatives 
Miller Electric Manufacturing 
Co. came to the rescue, with talks 
and a general discussion on semi- 
automatic welding processes and 
equipment. 

Although this is a very broad and 
somewhat complicated subject, the 
speakersdiscussed the inert-gastung- 
sten-arc, inert-gas metal-arc and 
submerged-arc processes and the op- 
erating principles and equipment 
used for each. Representative 
equipment was available for inspec- 
tion. 


MAINTENANCE WELDING 


Edgerton The April dinner 
meeting of the Madison Section was 
held on April 16th at the Carlton 
Hotel in Edgerton. The evening 
was designated as Charles Peters 
N‘ght to commemorate Mr. Peters 
44th year in the welding field. Since 
1916 Mr. Peters has been teaching 


NONDESTRUCTIVE TESTING IS TOPIC 


Coffee speaker at April 17th meeting of 
Milwaukee Section was Edward Halbach 
who told of the problems of putting man 
into space flight 
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Technical speaker for the evening was 


Al Cota. His subject was ‘General 
Principles of Nondestructive Testing” 
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welding and related subjects at the 
University of Wisconsin. 

Mr. Peters presented a coffee talk 
entitled ‘“‘Yesteryears of Welding.” 
Introducing Mr. Peters was the 
Dean of the College of Engineering, 
Professor Kurt F. Wendt. A dis- 
play of antique welding equipment 
supplemented Mr. Peters speech. 

The technical meeting consisted 
of a panel answering questions on 
Maintenance Welding Problems. 
Included on the panel were Art 
Kujak, welding foreman at the Be- 
loit Iron Works; John Bremer, 
Portage Welding, and Noah Shaw, 
Beloit Welding Supply. A fine time 
was had by the 44 members and 
guests in attendance. 


NONDESTRUCTIVE TESTING 


Milwaukee — The Milwaukee 
Section held its monthly meeting on 
April 17th at the Ambassador Hotel 
with 95 members and guests present. 

The coffee speaker was Edward 
Halbach, director of research, Gen- 
eral Controls Co., who discussed the 
problems of putting man into space 
flight. 

Technical speaker was Al Cota, 
supervisor of nondestructive testing 
at the A. O. Smith Corp. His sub- 
ject was “‘General Principles of Non- 
destructive Testing.”” He had a 
number of slides showing X-ray, 
magnetic-flux, dye-penetrant and 
sonic testing. He explained their 
various uses and when and how to 
determine which type to use; also, 
how to interpret X-ray film. 

This was also Past Chairmen’s 
Night with 14 past chairmen being 
honored. A special guest was Reu- 
bin Vollmer, a student at the Mil- 
waukee School of Engineering, who 
was presented with the Milwaukee 
Section scholarship to further his 
studies as a welding engineer. 
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of purchasing power in the metal-fabricating world. 
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2,830,277--WELDING OF HINGED Butt 
Joint MaGnetic Cores—Elias K. 
Kane, Pittsfield, Mass., assignor to 
General Electric Co., a corporation of 
New York. 


The present patent relates to a magnetic core 
portion made from a plurality of metallic lamina- 
tions which are electrically insulated from each 
other. These laminations are stacked in tele- 
scopically engaged superposed relationship so 
that opposite side edges of the taminations 
are positioned on opposite sides of the core por- 
tion. The laminations are so positioned that a 
body of metal can be secured to and extend across 
only the ad jacent side edges of the even numbered 
laminations and with the body of metal being 
welded thereto, and a body of metal is secured to, 
by welding, the side edges of the odd numbered 
laminations on the opposite side of the core por- 
tion 


prepared by Vern L. Oldham 


Printed copies of patents 
may be obtained for 25¢ from the 
Commissioner of Patents, Washington, D.C 


2,831,957--METHOD AND APPARATUS 
FOR FORMING FINNED STRUCTURES 
Sam H. Young and Kenneth J. Carter, 
Dallas, Tex., assignors, by mesne as- 
signments, to American Locomotive 
Co., a corporation of New York, now 
by change of name to Alco Products, 
Inc. 


A new type of a heat exchange unit is provided 
in this patent from a tube and fins having longi- 
tudina! base portions that extend axially of the 
tube. The base portions are pressed against one 
zone of the surface of the tube and extend axially 
thereof, and the weld arc is established in an at- 
mosphere of inert gas to weld the base portion to 
the contact zone of the tube. The arc is moved 
relatively to the fins and base portions thereof to 
provide a weld of substantially uniform lateral di 
mensions relative to the tube 


2,831,958—BLapDED Roror George 
Richardson, Lynn, Mass., assignor to 
General Electric Co. a corporation of 
New York. 

Richardson's patent related to the production of 
a composite article. First a body of cobalt alloy 
having poor arc welding characteristics is provided 
and second and third bodies of an alloy having 
good arc welding characteristics are provided 
Thereafter, the first and second bodies are joined 
by resistance flash welding, and the second and 
third bodies are joined by metal arc welding. 


2,832,000—-METHOD AND APPARATUS 
FOR ELEctTRIC-ARC WELDING —Richard 
B. Steele, New Providence, N. J. as- 
signor to Air Reduction Co., Inc., 


New York, N. Y., a corporation of New 
York. 


In this new method, the arc voltage is main- 
tained substantially constant in an automatic arc 
welding head. The method includes establishing 
a fixed reference voltage that is compared with 
the voltage across an arc gap between an elec- 
trode and a workpiece to establish a differential 
voltage. Such differential voltage is amplified, 
rectified and applied to the first field winding of a 
two phase induction motor. A-c current sub 
stantially 90° out of phase with the output of the 
rectifier is applied to a second field winding of 
the motor so that the speed of rotation and the di- 
rection of rotation of the motor will be determined 
by the sense and magnitude of the differential 
voltage. The electrode is advanced or retracted 
with respect to the workpiece to automatically 
maintain the voltage across the arc gap at some 
predetermined value. 


2,832,880-—-ProcEss OF DEPOSITING 
MOLTEN METAL FROM METAL ELECc- 
TRODES ON TO A METALLIC Bopy, 
PARTICULARLY A PROCESS FOR ELEC- 
TRIC WELDING——-Zdenék, Dupen, Cho- 
tebor, Czechoslovakia, 
one-half to Vyzkummy ustav svarov- 
acich stroju a technologie svarovani, 
Prague, Czechoslovakia. 

The patented process if for welding along a seam 
and initially a mass of unbonded material is de- 
posited in the seam and one electrode is moved 
along the seam while submerged in this mass 
Electric current is passed from the leading elec 
trode to the body to deposit fused electrode metal 
from the electrode into the seam and the deposited 
metal is allowed to solidify in at least a major por 
tion thereof. ‘The opposite side margins of the de 
posited metal is subjected to the action of an elec- 
tric arc by two additional electrodes that trail the 
leading electrode and are transversely spaced with 
relation to the seam 


2,832.881—-WELpDING TorcH Edward 


A. Andriola, Lyndhurst, N. J. 

Andriola’s novel welding torch includes an elec 
trically conductive gripping means for an elec 
trode. The torch also includes an electrode posi 
tioned in the gripping means, and gas discharge 
passages are provided extending from the interior 
of the gripping means. Other gas conducting and 
coolant conducting means complete the torch 


2,832,939-—-ADJUSTABLE IMPEDANCE 
WELDING TRANSFORMER —Ronald F. 
Brennen and James A. Bucci, Brook- 
lyn, N. Y., assignors to Welding 
Industry Research & Patent Corp., 
New York, N. Y., a corporation of 
New York. 

This patented welding transformer includes a 
toroidal core, a primary winding around the core 
completely annular channel races disposed 
adjacent the core, and a secondary winding 
wound about half of the toroidal core and the 
races An arcuate choke core of about 180 
length is disposed for travel in the races, and 
scale and indicating means are provided to 
show the position of the choke core movement 


2,833,238 ULTRASONIC BRAZING 
Unit——James Byron Jones, West 


Chester, Alfred L. Fuchs, Jr., Broo- 
mall and William Rugh Balley, 
West Chester, Pa., assignors to 
Aeroproject Inc., West Chester, 
Pa., a corporation of Pennsylvania. 

This patented ultrasonic brazing unit provides 
a longitudinal housing and transducer means are 
present for producing vibratory energy within 
the housing A brazing tip is coupled to the 
transducer means and projects outside the 
housing through an opening in the housing wall 
A gas burner is disposed within the housing and 
embraces the brazing tip. Other means connect to 
the housing for supplying combustible gas to the 
housing and thus to the gas burner, while other 
means are provided to supply a flow of cooling 
gas to the housing 


2,833,910-—TuBE WELDING—-Robert J. 
Stanton, Brooklyn, and Wallace C. 
Rudd, Larchmont, N. Y., assignors 


assignor of 


to Magnetic Heating Corp., New 
Rochelle, N. Y., a corporation of 
New York. 

The new apparatus is for welding together the 
edges of a longitudinal gap in metal tubing and 
includes advancing the tubing while bringing 
the edges together at a weld point. A heating 
current of the frequency of the order of 100,000 
cycles per sec or higher is applied to the tubing 
in advance of the weld point so that such current 
will flow along one edge of the gap to the welding 
point and back along the opposite edge of the 
gap to a contact provided for the welding current. 
A core means is positioned inside the tubing 
for increasing the reactance of the current paths. 
Cooling means also are provided inside the tube 
to maintain the core means at a temperature 
below its Curie point 


2,833,911—-WELDING ORGANIZATION 
Alfred Fretz, Detroit Mich. 


Fretz’ patent is on a welding machine wherein a 
vork support and an electrode support are 
provided. The electrode is, of course, carried 
on the electrode support and means are provided 
for moving the supports relatively for bringing 
the electrode into pressure contact with the 
work piece to be welded on the work support. 
The patent covers special pressure providing 


means 


2,833,912 —Arc-WELDING APPARA- 

rus—-Stanley H. Royer, Elizabeth, 
. J., assignor to Union Carbide 

Corp., a corporation of New York. 

Che present patent is on apparatus including a 
velding control assembly and a wire drive unit 
for feeding filler wire to the welding zone. The 
entire apparatus is mounted in a carry case unit. 
A wire drive motor is provided inside the casing 
and wire feed rollers are provided and engage the 
vire for driving engagement therewith. 


2,833,913-—-TorcH FOR GAS-SHIELDED 
MeraLt-Arc A. 
Bernard, Chicago Heights, III. 

In this new torch, a nozzle is provided at one 
end thereof and an electrode is associated with 
the torch and extends outwardly through the 
nozzle. A tubular piston of substantially the 
same size as the nozzle opening is reciprocably 
mounted within the torch adjacent the nozzle. 
Such piston has means provided in association 
therewith to force the piston into the nozzle 
opening to remove weld spatter and to withdraw 
the piston from such opening 


2,833,914--ELEcTRICALLY - CONDUC- 
TIVE Bopy For Use 1n Butr WELD- 
ING—Willem Pieter van den Blink 
and Eelke Herman Ettema, Utrecht, 
Netherland, assignors, by mesne 
assignments, to North American 
Philips Co., Inc., New York, N. Y., 
a corporation of Delaware. 

The present patent covers an _ electrically 
conductive slag forming body for use in butt 
welding two objects. The body is of tubular 
shape and is composed of reduced titanium 
dioxide in about 60% by weight, bentonite of 
about 27% by weight and manganese-silicon 
about 13% by weight. The electric conductivity 
of the body ignites the are flame when welding 
current is applied and is at least partly provided 
by the reduced titanium dioxide in the body. 


2,834,097 -W ELDED CONNECTIONS AND 
VALUES AND METHOD OF MAKING 
SaME—Robert Eichenberg and J. C. 
Shuptrine, Houston, Tex., assignors 
to George A. Butler, Houston, Tex. 

The present patent covers the production of a 
subassembly made from a hollow steel body 
having an inlet-outlet port, and a steel coupling 
having a neck adapted to be press-fitted into the 
port. The body has an annular neck around the 
port and the coupling has an external collar 
around the neck. The coupling neck is press- 
fitted into the port from the exterior of the 
bedy until the end of the collar abuts against 
the end of the body neck and there after the 
ends of the collar and body neck are welded 
together so as to leave an annular air space be- 
tween the coupling neck and welded ends of the 
collar and body neck 
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Aircraft Manufacture 


Brazed Steel Honeycomb Structures 
for 800 F, C. F. Burrows. Matls. in 
Design Eng., vol. 49, no. 4 (Apr. 1959), 
pp. 110-112. 


Six Basic Design Rules for Brazed 
Honeycomb Sandwich, F. F. Rechlin. 
Matis. in Design Eng., vol. 49, no. 3 
(Mar. 1959), pp. 100-105. 


Aircraft Materials 

Fabricating High-Strength Superalloys, 
H. E. Haley. Metal Ind., vol. 94, no. 
11 (Mar. 13, 1959), pp. 203-206; no. 
12 (Mar. 20), pp. 229-232. 


Aluminum and Alloys 


Clad Aluminum Alloys, F. C. Porter. 
Metallurgia, vol. 59, no. 352 (Feb. 
1959), pp. 67-73. 


Aluminum Tubes 


High Speed Production of Light Alloy 
Tube, C. W. J. Vernon. Welding & 
Metal Fabrication, vol. 27, no. 3 (Mar. 
1959), pp. 80-82. 


Automobile Transmissions 


Automation Aids Production of Auto- 
matic Transmissions, D. M. Gabbert. 
Machinery (NY), vol. 65, no. 7 (Mar. 
1959), pp. 110-114. 


Brazing 


Contribution of Brazing in Light Engi- 
neering: Design and Process Selection, 
E. V. Beatson. Sheet Metal Ind., vol. 
36, no. 383 (Mar. 1959), pp. 191-200. 


Chemical Equipment 


Titanium vs. Stainless in Chemical 
Processing Equipment, R. W. Wirta. 
Modern Metals, vol. 15, no. 2 (Mar. 
1959), pp. 78, 80, 82. 


Costs 


Dynamics of Welding Production Man- 
agement, D. M. Kerr. Brit. Welding 
J., vol. 6, no. 3 (Mar. 1959), pp. 116 
124. 


Present Position of Economics of Weld- 
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ing, A. G. Thomason. Brit. Welding 
J., vol. 6, no. 3 (Mar. 1959), pp. 105. 


Welding Costs are High Here’s Why! 
B. Ronay. Welding Engr., vol. 44, no. 
3 (Mar. 1959), pp. 52, 54. 


Electric Appliances 


Semi-Automation in Domestic Iron 
Production, D. D. Williams. Welding 
& Metal Fabrication, vol. 27, no. 3 
(Mar. 1959), pp. 102-103. 


Flame Hardening 


Rolls Spin in Flame for Surface Hard- 
ening, T. W. Bergquist. Am. Mach., 
vol. 103, no. 6 (Mar. 23, 1959), pp. 
140-141. 


Galvanized Metal 


Mechanical Properties of Metal-Arc 
Welds in Galvanized Mild Steel, P. W. 
Jones. Brit. Welding J., vol. 6, no. 4 
(Apr. 1959), pp. 175-180. 


Inert-Gas Welding 


Assessment of Gas-Shielded I*Rt Weld- 
ing, R. E. Jahn and L. M. Gourd. 
Welding & Metal Fabrication, vol. 27, 
no. 3 (Mar. 1959), pp. 92-101. 


Welding in CO. with Thin Electrode 
Wire, A. G. Potapevskii. Brit. Weld- 
ing J., vol. 6, no. 3 (Mar. 1959), pp. 
129-131. 


Castings 


Why Arc Welding Cast Iron Is Prob- 
lem, H. Thomasson. Can. Metal- 
working, vol. 22, no. 3 (Mar. 1959), 
pp. 36, 38. 


Jigs and Fixtures 


Automatic Welds Spheres from Inside, 
Industry & Welding, vol. 32, no. 3 
(Mar. 1959), pp. 31, 65. 


Light Metals 


Temperature Distribution Through 
Weld Pool in Automatic Welding of 
Aluminum, D. M. Rabkin. Brit. 
Welding J., vol. 6, no. 3 (Mar. 1959), 
pp. 132-137. 


Magnesium and Alloys 


Fatigue Strength of Magnesium Alloy 
HK31 as Modified by Weld Joint, J. 
E. Breen, and A. S. Dwyer. Am. Soc. 
Testing Matls._ Bul. no. 234 (Dec. 
1958), pp. 60-63. 


Missile Manufacture 
Making Missile Fuel Chambers De- 
mands Top-quality Work, R. D. Li- 


bert. Jron Age, vol. 183, no. 4 (Jan. 
22, 1959), pp. 74-76. 


Powder-Metal Products 


Cermets: Two New Forms, 
Herz. Matis. in Design Eng., 
no. 4 (Apr. 1959), pp. 98-99. 


Pressure Vessels 


Design and Analysis of Welded Pres- 
sure-Vessel Skirt Supports, N. A. Weil 
and J. J. Murphy. ASME— Paper no. 
58-A-153 for meeting Nov. 30, 1958. 


Repair 


Submerged-Arc Welding Reclaims 
Blooming Mill Rolls, J. J. Matusek. 


W. H. 
vol. 49, 


Welding Engr., vol. 44, no. 3 (Mar. 
1959), pp. 88-93 


Resistance Welding 


Economics of Multi-Spotwelding, M. 
H. Lummus. Brit. Welding -J., vol. 
6, no. 3 (Mar. 1959), pp. 109-115. 


Rockets Manufacture 


Welding and Heat Treating Rocket 
Cases, C. N. Scott. Metal Progr., vol. 
75, no. 3 (Mar. 1959), pp. 99-102. 


Soldering 


Soldering Chrome] and Alumel Wires, 
T. A. Dickinson, Wire & Wire Prod- 
ucts, vol. 34, no. 4 (Apr. 1959), pp. 469, 
501-502. 


Solders 


Filler Metals for Joining, O. T. Bar- 
nett. Welding Engr., vol. 44, no. 3 
(Mar. 1959), pp. 36-37. 


Steel Bridges 
High-Speed Fabrication of 120 Ft. 


Girders. Industry & Welding, vol. 32, 
no. 3 (Mar. 1959), pp. 28-30. 


Structures 


Tubular Construction Takes Hold in 
Germany. Welding Engr., vol. 44, 
no. 3 (Mar. 1959), pp. 46, 48. 


Tanks 


How to Weld 2’/,,-Inch Thick Stain- 
less-Clad Mn-Mo Steel. Jndustry & 
Welding, vol. 32, no. 3 (Mar. 1959), 
pp. 27, 60. 


Storage-Tank Design Practices to 
Avoid Brittle Fracture, J. S. Clarke 
and T. F. Leahey. ASME-—Paper 
no. 58-A-149 (for meeting Nov. 30 
Dec. 5, 1958) 8 pp. 


Testing 


Effect of Storage Time on Hydrogen 
Content and Mechanical Properties of 
Arc Welds Made with Covered Elec- 
trodes, W. Hummitsch. Brit. Welding 
J., vol. 6, no. 4 (Apr. 1959), pp. 155 

160. 


Nondestructive Testing of Welded 
Fabrications. Industry & Welding 
vol. 32, no. 3 (Mar. 1959), pp. 41-44, 
46-48, 51-52, 55-57. 


Notch Ductility of Mild-Steel Weld 
Metal, F. Watkinson. Brit. Welding 
J., vol. 6, no. 4 (Apr. 1959), pp. 162 
174. 


Tools, Jigs and Fixtures 
These Plastic Tools Saved Money, J. B. 


Ferguson. Am. Machinery, vol. 103, 
no. 5 (Mar. 9, 1959), pp. 124-125. 


Tube Manufacture 


Precision Hex Tubes Require Special 
Techniques, H. V. Ross and A. A. 
Denst. Am. Machinery, vol. 103, 
no. 5 (Mar. 9, 1959), pp. 108-110. 


Welded-Steel Structures 


Flange Deformations in Welding of T- 
Sections, N. O. Okerblom. Brit. Weld- 
ing J., vol. 6, no. 4 (Apr. 1959), pp. 
145-154. 


| rent Welding 
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Dip-Transfer Process Introduced 
by Airco 


Air Reduction Sales Co., a Divi- 
sion of Air Reduction Co., Inc., 
60 E. 42nd St., New York, N. Y., 
has developed a new arc-welding 
process, called ‘“‘dip-transfer CO, 
welding.”” The method is said to 
possess definite potential in such 
industries as general metalworking, 
automotive and aviation, wherever 
all-position welding of mild and low- 
alloy steels is required. Basically, 
the process combines a pulsing arc 
within a CO: shield. 

Typical mechanical properties ob- 
tained with mild-steel weld metal 
are 65,700 psi yield strength, 82,600 
psi ultimate tensile strength, 19°; 
elongation in 2 in. and 477 reduc- 
tion in area. The change in chem- 
ical composition from electrode to 
weld metal is as follows: carbon, 
0.11 to 0.12%; manganese, 0.64 to 
0.93° 7; silicon, 0.36 to 0.54%; and 
sulphur and phosphorus, 0.02 to 
0.02%. 

The pulsing arc developed for this 


c 


Schematic of mechanism of metal 
deposition in ‘‘dip-transfer’’ CO. welding 


Typical pull-gun being used with dip- 
transfer for the butt welding of a vertically 
positioned '/,-in. plate 


process is created by the electrode 
dipping into the weld pool at a 
steady rate of 200 short circuits per 
second. In turn, low arc voltage 
and power supply, having a value of 
inductance that regulates rate of 
current rise and decay, produce this 
pulsing arc. This phenomenon re- 
sults in metal transfer without spat- 
ter. After the electrode contacts 
the pool, creating a short circuit, the 
current experiences a sudden surge, 
but overheating caused by the 
resistance to flow of current at the 
original contact point creates a de- 
crease. Surface tension causes the 
metal to be ‘‘wiped off” the elec- 
trode, thereby breaking the contact 
and recommencing the sequence. 
The pool retains its fluidity as the 
electrode is melted by the arc en- 
ergy, the same emanating partly 
from energy stored in electrical 
conductance during short circuiting. 


Reynolds Holds Welding Seminar 


An all-day welding and finishing 
seminar attended by more than 500 
technicians, educators and business- 
men, highlighted the formal dedica- 
tion of the new Reynolds Aluminum 
Supply Co. plant in Louisville, Ky, 
on April 22nd. 

Demonstrations of arc, tungsten- 
arc and stud welding, as well as arc 
cutting and color anodizing, were 
conducted by Graham Manufactur- 
ing Co., Air Reduction Sales Co., 
Linde Company, the Nelson Stud 
Welding Division of Gregory Indus- 
tries and Reynolds Metals Co. 

The Reynolds Aluminum Supply 
Co. plant is the newest of ten in the 
firm’s network of building materials 
warehouses. The building is 
sheathed with aluminum. One en- 
tire side is covered with ‘‘Colorweld”’ 
baked enamel aluminum which is 
manufactured by the company. 
Other aluminum building products 
are used extensively throughout the 
structure. 


of the industry 


Short-Arc Welding 
Reported by Linde 


welding process, called 
‘“‘short-arc’’ welding, has been de- 
veloped by Linde Company, Di- 
vision of Union Carbide Corpora- 
tion. It issaid to permit manual and 
mechanized welding of thin material 
with excellent control of the weld 
puddle. The reported outstanding 
feature of this new inert-gas consum- 
able-electrode process is the ability 
to make manual fusion welds in the 
range of thickness of .030 to .100 
in. of all common metals, such as 
carbon steel, stainless steel, alum- 
inum (.040 in. minimum), copper, 
etc., in all positions and types of 
joints. 

The short-arc process is said to 
provide a more readily controllable 
welding process at high welding 
speeds, easier production of fillet 
welds, ability to weld in all posi- 
tions, and the ability to weld sheet 


A new 


RT ARC 


14-19 VOLTS 


Type of metal transfer under normal arc 
conditions is contrasted with that pro- 
duced with the short-arc operation 


With short-arc process, pinpoint control 
of arc heat enables the welding of thin 
materials in any position 
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metal in a range of thicknesses 
heretofore not considered readily 
weldable by any process. 

Successful operation of the process 
depended on the development of 
several key factors: proper power 
source, selection of shielding gas, 
and apparatus for feeding small- 
diameter wires. 

The manufacturer reports that 
argon has been found suitable for 
most metals such as aluminum, cop- 
per and silicon bronze. For stainless 
steel and carbon steel, argon-oxygen 
and argon-carbon dioxide mixtures 
are preferable. Pure carbon dioxide 
is being used for some steel applica- 
tions, but it produces somewhat 
more spatter and poorer bead for- 
mation. The use of argon-carbon 
dioxide mixtures provides many 
advantages over either argon or 
straight carbon dioxide on carbon 
steel. Their use provides superior 
wetting action with the minimum 
amount of deposited metal re- 
sulting in a vastly improved bead 
contour. 

A key factor in the success of 
“short-arc’’ welding was the de- 
velopment of both manual and 
mechanized equipment to feed wires 
as small as .020-or .030-in. diameter. 

The manufacturer also reports 
that the process is easy to use. 


Axtell Elected NWSA President 


A. C. Axtell 449 was elected presi- 
dent of the National Welding Supply 
Association at the organization’s 
50th Annual Convention in San 
Francisco, May 4-6. 

Active in the New Jersey Section 
of AWS, Mr. Axtell is also president 
of Essex Welding Equipment Co. 
Inc., Newark, N. J. A _ former 
mayor of Livingston, N. J., he has 
served on numerous NWSA stand- 
ing committees and has been a 
member of its board of directors. 
Mr. Axtell has also served as vice 
president in NWSA’s Eastern Zone. 


New Thermit-welding Company 


C. H. Reade, president of Reade 
Mfg. Co., Jersey City, N. J., has 
announced the formation of a new 
Thermex Metallurgical, 

ne, 


After a year and a half of opera- 
tion as a division of Reade Mfg., 
Thermex Metallurgical, Inc., will 
now carry on, as a separate corpora- 
tion, the thermit-welding business 
acquired by Reade from Metal & 
Thermit Corp., in 1957. 

Officers of Thermex Metallurgi- 
cal, Inc., are L. J. Reade, president; 
C. F. Reade, executive vice presi- 
dent; and J. H. Deppeler and Wm. 
C. Cuntz, vice presidents of opera- 
tions. 

The new company has a modern 
manufacturing plant in Lakehurst, 
N. J., where production of materials 
and equipment for Thermit welding 
has been under way for more than a 
year. Research laboratories and 
general offices also are in Lakehurst 
and sales offices are located in Pitts- 
burgh, Chicago and Livermore, 
Calif. 


Arcos to Distribute 
Electro-slag Unit 


The Vertomatic welding machine, 
recently unveiled at the Chicago 
Welding Show, will be distributed 
exclusively throughout the United 
States by the Arcos Corp. of Phila- 
delphia. The equipment, embody- 
ing the electro-slag principle, will re- 
portedly weld sections up to 20 in. 
thick in one pass. 


Soaring Sales Reported 
byM&T 


Net sales of Metal & Thermit 
Corp. in the first quarter of 1959 
were 16° higher and common share 
earnings were 29°; higher than the 
same period of 1958. 

The gain lifted sales to $9,845,789 
compared with $8,453,345 in the first 
three months of 1958, and the high- 
est total for any quarter since Sep- 
tember 1957. 

As a result, M & T directors de- 
clared a quarterly dividend of 20 
cents per share on the common 
stock, and a dividend of 87',. cents 
on preferred stock. 


Airco Shows Gain 


Sales and earnings of Air Reduc- 
tion Co., Inc., during the first quar- 
ter of 1959 were higher than the 
levels established in the first quar- 
ter of 1958, John A. Hill, presi- 
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dent of Air Reduction Co., Inc., 
told the annual meeting of stock- 
holders. 

Sales during the first quarter of 
1959 were $47,935,728, a 10.8% in- 
crease over the sales of $43,254,129 
in the first quarter of 1958. Net in- 
come in the first quarter of 1959 was 
$3,748,969, an 11.2°% increase over 
the net income of $3,370,716, in the 
first quarter of 1958. Earnings per 
share of common stock during the 
first quarter of 1959 were 97¢, as 
compared with 88¢ during the first 
quarter of 1958. 


ALL-STATE OPENS ST. LOUIS 
WAREHOUSE 


All-State Welding Alloys Co. Inc. has 
opened this new central warehouse at 
1523 N. Broadway, St. Louis, Mo. David 
N. Coombs, formerly with Mid-West Tool 
and Supply Co., becomes branch man- 
ager 


COMING 
EVENTS 


A Calendar of Welding Activity 


AWS National Meetings 


1959 National Fall Meeting: 
September 28-October 1. Shera- 
ton Cadillac Hotel, Detroit, Mich. 


4ist Annual Meeting and Eighth 
Welding Show: 

April 25-29, 1960. Biltmore Ho- 
tel, Los Angeles, Calif. 


ASM 


Nov. 2-6, 1959. 41st National 
Metal Exposition and Congress. 
International Amphitheatre, 
Chicago. 


ALLSTATE 

WELDING ALLOYS INC. 

CENTRAL TAREHOUSE 

ea 


Federal Appoints 
Harding Equipment 


R. W. Harding of the Harding 
Equipment Co., Paramus, N. J., 
announces that his firm has been 
appointed sales and service repre- 
sentatives for Federal Machine and 
Welder Co.’s line of resistance weld- 
ing machines. The newly appointed 
representative covers the New York 
City and Newark, N. J. areas. 


Regulator Roundup 


The K-G Equipment Co. Inc., 
Allentown, Pa., have initiated a new 
briefing program, called “regulator 
roundup,” designed to acquaint 
K-G’s distributor salesmen more 
fully of the company’s compressed- 
gas pressure-regulator line. Each 
briefing, 15 min. in length, is heard 
on a phonograph record. As an 
added incentive, the K-G_ Inter- 
national 1201 Club has been formed 
to increase competition among dis- 
tributor salesmen. Membership in 
the club, for qualifying salesmen, 
pays off in individual monthly 
awards. 


New Company Formed in Ohio 


Charles F. Simmers [M3], for- 
merly vice president of engineering 
of the Morgan Engineering Co., 
Alliance, Ohio, has organized a new 
Corporation specializing in heavy 
crane, tolling mill and allied equip- 
ment design, and industrial and steel 
plant layout and studies. The new 
firm will be known as C. F. Sim- 


mers, Inc., and will be located in 
Canfield, Ohio. 


Charles F. Simmers 


According to Mr. Simmers, in 
addition to serving domestic steel 
companies, his organization’s plans 
include licensing agreements with 
steel producers in Europe, South 
America, South Africa and Asia. 
He has also predicted that 40% of 
the new company’s business will 
originate from such licensing agree- 
ments. 


Upward Trend for Resistance 
Welding 


March shipments of resistance- 
welding equipment were reported 
15% ahead of February shipments, 
while figures for the first quarter of 
1959 reveal a 17% increase over 
shipments for the same period last 
year, according to statistics com- 
piled by the Resistance Welder 
Manufacturers’ Association. 

This upward trend is also reflected 
in net orders received during March, 
which are 14% ahead of February, 
and have increased 31% for the 1st 
quarter of 1959, when compared to 
the similar quarter of 1958. 

Members reflected backlogs of 
more than $8'/, million at the end of 
March. This represents a gain of 
more than $2 million in the last 
three months. 


Airco Plants Win Safety Awards 


Thirty-four Air Reduction plants 
in the United States have been 
awarded certificates of safety 
achievement for 1958 by the Manu- 
facturing Chemists’ Association, 
Washington D. C. The awards, 
which are given annually to those 
plants which complete a calendar 
year without a lost-time accident, 
have been made to 429 plants 
throughout the country. 


Distributors Expand 


Two authorized dealers for the 
National Cylinder Gas Division of 
Chemetron Corp. have announced 
the opening of expanded facilities. 
Chesapeake Welding Supplies of 
Baltimore, Md., have moved from 
their former location at Hartford 
Ave. and Ensor St. to 1708 Cherry 
Hill Rd. The new location of Na- 
tional Welding Supply Co. of Buffalo, 
N. Y. is 674 Swan St. This firm 
had previously been on Ludington 
St. 


Kinzel Awarded Metallurgy 
Medal from Stevens 


Augustus B. Kinzel M3, vice- 
president—Research of the Union 
Carbide Corp., was presented with 
the Stevens Institute of Technology 
Powder Metallurgy Medal on May 
6th. Following the presentation, 
Dr. Kinzel delivered the Medal 
Lecture, ‘“Powder Metallurgy and 
the Microcosm.”’ 

A graduate of Columbia, MIT 
and the University of Nancy in 
France, Dr. Kinzel has been as- 
sociated with the Union Carbide 
Corp. since 1926. Actively engaged 
in research ever since, he has con- 
tributed to a wide range of areas 


LIQUID OXYGEN FOR OREGON 


Lester Davis (left), president of Davis 
Welding Products, Inc., Portland, Ore., 
turns a valve on a trailer truck to start 
pumping liquid oxygen into a 1,500,000- 


cu ft storage tank. Looking on are (cen- 
ter) Carvel Linden, director, Portland 
Chamber of Commerce, and C. S. Rich- 
mond, manager, Pacific Northwest Dis- 
trict, Linde Co. 


including metallurgy and powder 
metallurgy, applied mechanics, in- 
dustrial gases and nucleonics. Dr. 
Kinzel has also acted as consultant 
for the Manhattan Project and 
various AEC installations, includ- 
ing Los Alamos and Oak Ridge. 
Recently he completed a term as 
president of the AIME. 

The Stevens Powder Metallurgy 
Medal, established in 1941, has 
been awarded to eight distinguished 
scientists and engineers. It is pro- 
duced in the laboratory by com- 
pacting fine silver powder under 
high pressure and then heating it in 
a special furance. 


New CO. Warehouse for Madison 


A new warehouse for the storage 
and distribution of carbon dioxide 
has been opened at 106 S. First St., 
Madison, Wis., by the Cardox 
Division of Chemetron Corp. It is 
under the supervision of Howard C. 
Symmes, sales representative for the 
state of Wisconsin. 


ABSTRACTS 
of Papers Proposed for 


AWS 41ST ANNUAL MEETING 
April 25-29, 1960 
Los Angeles, Calif., 
Must Be Received 
at AWS Headquarters 
Not Later Than 
Aug. 15, 1959 
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New—from the ground up, Monarch Cement’s new Humboldt, Kansas, plant is one of 
the most modern cement processing plants in the world, 


SCHEDULE 


“We do our rebuilding when we want to—not 
when the machine breaks down! 

“Both primary and secondary hammermills 
are repaired and hardsurfaced at the same time 
at Monarch Cement Company. We do not stop 
for one repair now and the other later,” says 
Mr. R. M. Vincent, Maintenance Engineer. 

“At last we have found a hardsurfacing elec- 
trode which gives predictable wear. We can plan 
our hammer service life so both primary and 
secondary mills are due to be changed at about 
the same time. No more unscheduled work 


For details, circle No. 22 on Reader Information Card 


x] 4 ig 


Hammermill hammers are built-up with Lincoln ‘‘Faceweld 12” for longer life. 


Hammermill repairs! 


stoppages because of worn out hammers.’ 

This ability to match the service-life of mill 
hammers gives great savings in the continuous 
processing of shale at Monarch Cement Com- 
pany’s new plant at Humboldt, Kansas. 

The electrode which makes it possible is Lin- ‘. 
coln’s ‘‘Faceweld Try it on your hammers! 
Look for your Lincoln District Sales Office or 
Authorized Dealer in the Yellow Pages. 


Before and after photo shows amount of rebuilding 
necessary on worn hammer. 


THE LINCOLN ELECTRIC COMPANY - Dept. 1957, Cleveland 17, Ohio L ls 
INCOL 


The World’s Largest Manufacturer of Arc Welding Equipment 


For details, circle No. 22 on Reader Information Card 


WELDING JOURNAL | 721 


>» ley 


NCG Opens Texas 
Headquarters 


Establishment of a new South- 
western regional headquarters at 
519 Braniff Airways Bldg., Dallas, 
Tex., is announced by the National 
Cylinder Gas Division of Chemetron 
Corp. The office was formerly at 
3301 S. National St. 

The regional office, managed by 
P. E. Smith [{9V9|, supervises sales 
and service through district and 
branch offices in Dallas, Houston, 
Lubbock, Fort Worth, Wichita 
Falls, Odessa and Tyler, Tex.; Tulsa 
and Oklahoma City, Okla.; Shreve- 
port, New Orleans and Baton Rouge, 
La; Fort Smith, Ark., Kansas City, 
Kan., and through dealers in other 
major cities. 


Liquid-oxygen Unit Installed 


Charter Welding Supply, Inc., 
North Brunswick, N. J., a division 
of Jersey Welding Supply, have in- 
stalled a liquid-oxygen unit which, 
according to the distributor’s presi- 
dent, J. B. Lyons ([W3], repre- 
sents the first time in the Jersey 
area that liquid oxygen will be avail- 
able directly from a distributor. 


RWMA Offers Films on 
Resistance Welding 
The Resistance Welder Manufac- 


turers’ Association has available 
three films which may be borrowed 


by industry, societies, technical 
organizations and schools, without 
charge. 


“This is Resistance Welding”’ is a 


ARIZONA FIRMS TO 
DISTRIBUTE GASES 


J. B. Curtis (seated), president of Arizona 
Welding Equipment Co. of Phoenix, signs 
an agreement giving his firm and AWECO 
Supply Co. of Tucson sole distribution of 
compressed-gas products throughout the 
state for Linde Co., Division of Union Car- 
bide Corp. Looking on are (left to right) 
Sidney Wade, general manager—distribu- 
tor products, Linde Co., and Dean Tillot- 
son, president, AWECO 
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16-mm sound, color movie, running 
for 20 min., which describes the 
basic fundamentals of the resistance- 
welding processes. 

“Resistance Welding”’ is a sequel 
which further describes these proc- 
esses and includes information 
about available resistance-welding 
equipment and some of the jobs 
such machinery can do. Applica- 
tions range from the simplest to the 
most complicated and complex auto- 
mated lines. This movie is also 
16 mm; in color and optical sound. 
Running time is 23 min. 

‘Resistance Welding of Stainless 
Steel” is a 21-min, 16-mm film in 
color, which uses diagrams and ani- 
mations as well as pictures of actual 
equipment in operation. It covers 
spot, seam, projection and flash 
welding processes. 

Requests for the films should be 
directed to the Resistance Welder 
Manufacturers’ Association, 1900 
Arch St., Philadelphia 3, Pa. 


The Bastian-Blessing Co., Chicago manu- 


tacturer of high-pressure-gas-control 
equipment, produced this system of 64- 
cylinder oxygen charging manifolds for 
the cylinder filling plant of Liquid Car- 
bonic Division, Cleveland, Ohio 


CGA ELECTS OFFICERS 


Newly elected officers of the Compressed Gas Association, Inc., are, left to right, 
Claude E. Moniux, president; George C. Cusack, lst vice president; D. M. Horner, 


2nd vice president; and F. R. Fetherston, secretary-treasurer 


ALL-STATE HOLDS ANNUAL SALES MEETING 


Regional sales managers met with company officials at a recent four-day annual sales 
meeting at the White Plains, N. Y. headquarters of All-State Welding Alloys Co., Inc. 
Seated, left to right, are C. J. Oleson, R. H. Mandel, President Thomas D. Nast, C. Brown 


and S. F. Mandel. 


Martin, C. Bastion, M. Stavig and J. Poulson. 
Turnbow, R. Nordin, J. Ehrhardt, S. Smith and W. Hawker 


Standing, left to right, second row, are L. S. Wade, H. K. Tucker, A. 


Left to right, back row, are H. Peacor, T. 
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LOUIS ALLIS 
BLED 
BRAZIN 


Higher operating temperatures and output demands in electric motors 

have prompted Louis Allis of Milwaukee, Wisconsin, to switch from 

soft solder to S1L-Fos 5 brazing on their stator windings. No stranger 

to S1L-Fos, Louis Allis has brazed rotor end rings for years. Now they 

get these benefits on both vital parts of their motors: 

Here, operator hand brazes a winding on a motor 

STRENGTH—The strength of a properly designed and brazed SIL- stator. Increasing motor output requirements 
Fos joint exceeds that of the metals joined. Furthermore, joints demand greater overall operational reliability. 


do not “creep” even when hot. Here are some typical values: — oo 5 brazed joints reliability is 
assured, 


at 300° F in copper: 30,000 psi. In brass: 35,000 psi. 
at 400° F in copper: 28,000 psi. In brass: 31,000 psi. 


conbuctivity—Tightly fitted standard lap joints are fully as 
conductive as copper. 


puctiity—SIL-Fos joints have exceptional ductility; enabling 
them to withstand stresses and strains of vibration, shocks 
and radical temperature changes fully as well as the metals 
they join. 


EASY INSTALLATION—FAST PRODUCTION— With SIL-FOs you can get 
any production you want—you have a choice of heating meth- 
ods, jigging setups, inspection techniques, etc. 


ECONOMY—Low flow point, fast brazing action, reduced labor 
costs, and vastly reduced reject rate, plus the small amount of 
alloy needed to make a joint put SIL-FOs in a low-cost category 
unequaled by other methods. 


F 
1300 704 


Alloy Content x Type 
SIL-FOS 15 Wide | 1185 | 641 


Melting 


SIL-FOS 5 5 Range 1300 704 


1195 646 


Silver Starts to flow at Free Flowing at 
°F C 


For use in joining ONLY nonferrous metals. Used particularly on copper, brass and bronze. Rotor ring hand brazing with SiL-Fos has long 

Specially effective in joining pipe and tubing and on electrical work. been the practice at the Louis Allis Co. The 
success achieved here has been applied to the 
above with equally excellent results. 


Further details on S1t-Fos and 
Su-FosScan behadintheformol Source of Supply and Authority on Brazing Alloyser::: 
Technical Literature from Handy 
& Harman. Send for Bulletin 20. Our 
research and engineering people are A N D y & A A N CLEVELAND. Onto 
ready and willing to help you with | 
any metal joining problem or plan \ General Offices: 82 Fulton New York 38, cau 
you may have. DISTRIBUTORS IN PRINCIPAL CITIES 


For details, circle No. 17 on Reader Information Card 
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Gobus Presented Kahn Award 


Alexander Gobus 5, product 
manager—Industrial Radiography 
Department, Philips Electronics, 
Inc., received the Noah A. Kahn 
Memorial Award for 1959 at a ban- 
quet on May 23rd from the Metro- 
politan Chapter, Society for Non- 
Destructive Testing, in New York 
City. The award was presented in 
recognition of the many contribu- 
tions made by Mr. Gobus in this 
field during the past 17 years. He 
is a charter member and director of 
the national society and was the 
first chairman of the Metropolitan 
Chapter. 

In addition to his activities with 
the Society for Non-Destructive 
Testing, Mr. Gobus also holds 
membership in the IIW and WRC. 


Brown Named to 
Westinghouse Post 


The appointment of Fred D. 
Brown @§ as marketing manager for 
Westinghouse Electric Corp.’s arc 
welding department in Buffalo, 
N. Y. has been announced by 
Richard C. Lipps, manager of the 
department. 

Prior to his appointment, Mr. 


Alexander Gobus 
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Brown spent 18 years with Westing- 
house in a number of responsible as- 
signments. Most recent of these 
was as manager of Westinghouse’s 
Nuclear Ship Section, a_ special 
group responsible for liaison be- 
tween all Westinghouse divisions 
and the staff of Admiral H. G. 
Rickover. Before that, as manager 
of the Westinghouse Philadelphia 
area office, Mr. Brown was respon- 
sible for sales and customer service 
to a large segment of heavy industry 
in that area. From 1957 until his 
return to Westinghouse in 1959, Mr. 
Brown was executive vice president 
of the Chesapeake Instrument Corp. 

Mr. Brown holds a B.S. degree 
in electrical engineering from Drexel 
Institute of Technology and a mas- 
ter’s degree in electrical engineer- 
ing from the University of Pennsyl- 
vania. 


Clark Joins Miller Electric 


Albert J. Clark 3 has joined 
Miller Electric Manufacturing Co., 
Inc., as district sales manager under 
regional sales manager, C. L. Malott 
wws of Atianta, Ga. 

Clark is a native of Birmingham, 
Ala., and has had 12 years of ex- 
perience in the welding field. 

His territory will consist of the 
northern three-quarters of the state 
of Alabama, parts of Mississippi and 
North Carolina, and all of Tennes- 
see. 


Hamilton Succeeds Saunders 


On June 1, 1959, H. W. Saunders 
WS, who has been with Air Reduc- 
tion for the past 41 years and dis- 
trict manager and vice president in 
charge of the San Francisco district 
for 27, reaches the company’s man- 
datory retirement age. He will 
be succeeded by L. A. Hamilton 
WS, until recently vice president in 
charge of the Seattle, Wash., dis- 
trict. Prior to joining Airco in 


Fred D. Brown 


1930 Mr. Hamilton graduated from 
the Rice Institute, and in recent 
years completed the Stanford Uni- 
versity Executive Development Pro- 
gram. 


Miller and Willis Named to 
Lincoln Board 


Edwin M. Miller and G. E. Willis 
were elected to the board of direc- 
tors of the Lincoln Electric Co. at 
the company’sannual meeting. The 
new directors bring to a total of 18 
the number of directors serving on 
the board. 

Mr. Miller joined Lincoln in 
1923. He has been superintendent 
of the Machine Division since 1952. 
He was head of the Production Con- 
trol Department for ten years prior 
to assuming management responsi- 
bility for the division’s operations 
and was largely responsible for the 
development of the company’s pro- 
duction control and visual inventory 
system established in Lincoln’s 30- 
acre plant when it was built in 1951. 

Mr. Willis, started at Lincoln in 
1947 as a plant engineer where he 
worked on the layout of production 
facilities for Lincoln’s new plant, 
then being planned. Since 1951, 
when the company moved into these 
facilities, he has been superintendent 
of the Electrode Division. Mr. 
Willis holds degrees from Michigan 
State and Harvard Business School. 


Mendenhall Appointed by 
Smith Welding 


Harold Mendenhall @3, has been 
appointed technical sales engineer 
in the sales department of Smith 
Welding Equipment Corp., Min- 
neapolis, Minn. 

Mr. Mendenhall, who will assist 
distributors and customers with tech- 
nical welding problems, served the 
past two years on Smith’s research 


a 


Albert J. Clark 
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13-minute industrial x-ray film processing 


New Kodak Industrial X-Omat Processor 


can save you time and money 


Kodak offers you automation in film 
processing—radiographs of uniform 
high quality, dry and ready to read 
in 13 minutes. 

Film hangers are eliminated. Ex- 
posed films are merely removed from 
the film exposure holders and fed 


directly into the processor. Kodak 
Industrial X-ray Film, Type AA and 
Type M—sheet films or continuous 
lengths from 70mm to 17 inches wide 
—go through the system at 38 inches 
per minute. And only 22 inches of the 
unit’s 10-foot 10-inch length need 


extend into the darkroom itself. 

The Kodak X-Omat Processing 
System saves time and cuts costs. 
You'll want the complete story. 


Send for the folder that gives all 
the details. 


X-ray Division—EASTMAN KODAK COMPANY=-Rochester 4, N.Y. 


Use this coupon NOW for more information 


EASTMAN KODAK COMPANY, X-ray Division, Rochester 4, N. Y. 


Send the folder about the Kodak 
Industrial X-Omat Processor. 


Name 


[| Send the names of the Kodak Industrial 


X-Omat Processor dealers in my area. 


Firm Name 


Firm Address (Street) 


(State) 


CY 


(City) 


For details, circle No. 11 on Reader Information Card 
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Harold Mendenhall 


and development staff. He en- 
tered the welding industry in 1938 
with Commerical Gas Co., a for- 
mer Smith affiliate. During World 
War II, Mr. Mendenhall operated 
his own steel fabricating business, re- 
turning to Smith in 1957. 


Hirschland Promoted by M & T 


The election of Herbert E. Hirsch- 
land as vice president in charge of 
commerical development, Metal & 
Thermit Corp., has been announced 
by H. E. Martin, president. Mr. 
Hirschland previously had the title 
of director of commercial develop- 
ment. 

Mr. Hirschland started with 
Metal & Thermit in 1941 as a proc- 
ess engineer in the then newly cen- 
tralized Research Department. He 
has been involved in research, pro- 
duction and sales assignments since 
that time. 

During World War II, Mr. Hir- 
schland was responsible for the de- 
velopment of special explosive de- 
vices incorporating the company’s 
thermit ingredients. One of these 
was a small, portable sabotage unit 
for use behind enemy lines. 


Lee and Van Auken 
Join Champion 


Kenneth Lee @&S and Lew Van 
Auken WS have joined the sales 
staff of the Champion Rivet Co., 
Cleveland, Ohio. Mr. Lee will be 
based at the firm’s East Chicago, 
Ind. plant, covering the Calumet, 
Chicago and central Illinois dis- 
tricts. Mr. Van Auken will be 
responsible for southern Ohio, nor- 
thern Kentucky and southeast In- 
diana. 


Boericke and Culver Promoted 
by Haynes Stellite 

Frederic S. Boericke, former Los 
Angeles district sales manager for 


Haynes Stellite Co., has been named 
technical service manager, Pacific 
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Merritt L. Smith 


coast. Douglas N. Culver succeeds 
Mr. Boericke in the sales post. Mr. 
Culver has been Detroit district 
sales manager and has been with 
Haynes Stellite since 1942. Mr. 
Boericke, a Cornell graduate, has 
been with the company since 1946. 
Prior to that, he had been chief 
metallurgist for Production Engi- 
neering Co., Berkeley, Calif. 


McDonald Named 
by Chemetron 


A. J. McDonald, Jr. WS has been 
appointed sales manager of Wel- 
ders’ Supply Co., distributor sub- 
sidiary of Chemetron Corp. 

Welders’ Supply Co. handles the 
complete NCG line of gas welding, 
arc welding, brazing and oxygen- 
cutting equipment and gases and 
has nine stores in the Southern 
California area. 

McDonald has been with the 
company since 1949 as salesman 
and later as a manager. For four 
years he was a partner in McDon- 
ald’s Equipment Co. He attended 
Denver University. 


Lowell Named by Sperry 


Appointment of Henry T. Lowell, 
Jr., as sales manager for Sperry 
Products, Inc., has been announced 


by Frank U. Hayes, president. 
Mr. Lowell will direct all sales ac- 
tivities for the company’s railroad 
services, ultrasonics and other man- 
ufactured products. 

A graduate electrical engineer 
from the University of Maine, Mr. 
Lowell brings to Sperry a_ back- 
ground of 21 years in sales engineer- 
ing and management for Westing- 
house and Pittsburgh & Beaver. 
Mr. Lowell was marketing manager 
for Sorensen and Co. of Norwalk, 
Conn. before joining Sperry. He 
is a member of the American Man- 
agement Association and the Scien- 
tific Apparatus Maker’s Associa- 
tion. 


C. G. Westerson 


Merritt Smith Forms 
Advertising Firm 


Merritt L. Smith 3, formerly 
director of advertising and public- 
ity at Metal & Thermit Corp., has 
established an advertising and pub- 
lic relations service at 750 Third 
Avenue, New York 17, N. Y. 

With a 25-yr background in the 
marketing of technical products, 
particularly in the metal-working 
and chemical fields, Mr. Smith is 
offering to industrial concerns a 
specialized service in company im- 
age development through planned 
coordination of product promotion 
with corporate publicity and adver- 
tising. 


Westerson Promoted by 
Smith Welding 


Promotion of C. G. Westerson 
WS to southeastern district manager 
for Smith Welding Equipment Corp. 
of Minneapolis has been announced 
by L. L. McBurney, president. 

Westerson, a territory manager 
for Smith the past year, will head- 
quarter at Ferguson, Mo. 


Gumm Named by Linde 


Warren G. Gumm has been 
named manager—engineering, Rail- 
road Department, Linde Co., Di- 
vision of Union Carbide Corp., ac- 
cording to an announcement by K. 
I. Thompson, manager—Railroad 
Department. Mr. Gumm will be 
located in Chicago. 

Mr. Gumm has been associated 
with Linde since 1943, and held the 
position of District Engineer in 
Houston, Tex. More recently, he 
was connected with Linde’s gas ap- 
paratus factory in Newark, N. J. 


Grodner Forms New Company 


A. Grodner @3 has formed Grod- 
ner Engineering Co. with offices at 
Plainfield, N. J. Continuing the 
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manufacture of chemical process 
equipment formerly made by the 
Perth Amboy, N. J. firm of Alloy 
Fabricators Division of Continental 
Copper & Steel Industries, arrange- 
ments have been completed to have 
Lee Metal Products Co. of Philips- 
burg, Pa. and Manning & Lewis 
Engineering Co. of Newark to 
manufacture such equipment. 


Rapine to Head Wilmington Plant 


Jerry Rapine MS has been ap- 
pointed manager of Morey Flux & 
Chemical Division of E. R. Joseph 
Co., Inc., Wilmington, Del., ac- 
cording to an announcement by E. 
R. Joseph MS, president of the 
parent organization. The Wil- 
mington division distributes com- 
pressed gases and welding equip- 
ment. 


Hartough Named by Chemetron 


Howard D. Hartough has been 
elected president of the Chemical 
Products Division of Chemetron 
Corp. 

For the present, Mr. Hartough 
will make his headquarters in Louis- 
ville, supervising operations of the 
division which include Crestwood 
Chemical Co., Dunham Chemical 
Co., Girdler Catalysts and _ the 
Holland Color and Chemical Co. 


Diehl Named 


Election of Henry C. Diehl as a 
member of the board of directors of 
Superweld Corp.,a North Hollywood 
high brazing concern, has been an- 
nounced by Robert E. Jones &5, 
president. 

Mr. Diehl is a tax attorney and a 
partner in the law firm of Watkins, 
Lund and Peck and holds degrees 
from the Universities of Illinois and 
Arizona. 


Bollinger and Fife Promoted 


J. G. Bollinger has been appointed 
manager of production and distri- 
bution in addition to his present 
duties as assistant to the president 
of Air Reduction Pacific Co. He 
will maintain his headquarters in 
San Francisco. 

Bollinger joined the Airco sales 
organization at Los Angeles in 


A. C. Mulder 


December 1926 shortly after finish- 
ing his studies at Cornell. In 1949 
he joined the divisional president’s 
staff in San Francisco as assistant 
to the president. 

Leland J. Fife @VW3 has been ap- 
pointed manager of marketing, Air 
Reduction Pacific Co., with head- 
quarters in San Francisco. 

Mr. Fife started with Airco in 
June 1939 at Emeryville, Calif. 
and from 1949 to 1958 was sales 
manager of the San Francisco dis- 
trict. In August 1958, he joined 
the divisional president’s staff as 
staff assistant, a post he has held 
up to this time. 

He is a graduate of Nevada and 
did graduate work at LSU prior to 
joining Airco. Recently he com- 
pleted the Stanford University Ex- 
ecutive Development Program. 


Mulder Awarded Patent 


Miller Electric Mfg. Co., Inc., of 
Appleton, Wis., announces that 
U.S. Patent No. 2880374 has been 
granted to A. C. Mulder WS, vice 
president for production. The pat- 
ent covers an a-c, d-c are welding 
machine in which control of the 


J. H. Mulder 


welding current is accomplished by 
a self-saturating reactor, selenium 
rectifiers and an independent d-c 
control circuit. 

Patent rights have been assigned 
to Miller Electric, and units of 
various sizes and applications in- 
corporating this invention are now 
being produced and marketed. 


John Mulder Retires 


After 30 years of continuous serv- 
ice as secretary of Miller Electric 
Manufacturing Co., Inc., Appleton, 
Wis., John H. Mulder recently an- 
nounced his retirement from this 
post. 

Mr. Mulder was a financial backer 
of the company and its first secre- 
tary—-a position he assumed in 
1929, the year Miller Electric was 
incorporated. In the company’s 
early days he was in charge of sales 
and later was occupied variously as 
superintendent, purchasing agent 
and credit manager. He held the 
latter title in addition to his secre- 
taryship at the time of his retire- 
ment. Mr. Mulder will continue 


to serve on the company’s board of 
directors. 


For details, circle No. 14 on Reader information Card 
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ew, Literature 


Outer Space 


The May 1959 issue of ‘‘Metal- 
working Bulletin,’”’ published by the 
Electric Welding Department of 
Linde Co., Division of Union Car- 
bide Corp., 30 E. 42nd St., New 
York 17, N. Y., contains a special 
4-page report by Ronald M. Davis 
entitled “Exploring the Unknown.” 
The article discusses various pro- 
duction techniques used for U. S. 
earth satellites and also discusses 
America’s comparison with Ruséia in 
the race as well as some of the results 
realized from earth satellites. 

The publication, completely new 
in format, also contains eight addi- 
tional articles of general welding 
interest. 

For your free copy, circle No. 51 
on Reader Information Card. 


Resistance Welding 


A leaflet entitled ‘Production 
Progress Through Resistance Weld- 
ing” is now available from the 
Resistance Welding Alloy Associa- 
tion, 1930 Arch St., Philadelphia 3, 
Pa. Its message to metal fabrica- 
torson the time and money saving ad- 
vantages, as well as the importance 
of quality electrodes and specialized 
alloys, is condensed for easy reading. 

For your free copy, circle No. 52 
on Reader Information Card. 


Aluminum-bronze Electrodes 


The repair welding of cast-iron 
bathtub dies with aluminum-bronze 
electrodes is featured in the first 
quarter, 1959 issue of ‘“Ampco 
Welding News,” published by 
Ampco Metal, Inc., 1745 S. 38th St., 
Milwaukee 46, Wis. 

Other articles describe the fabrica- 
tion of dynamite-mixing equipment, 
overlaying of packing-ring glands 
in hydraulic machinery and the con- 
struction of sulfur scoops for a large 
paper mill. 

For your free copy, circle No. 53 
on Reader Information Card. 


Welding Machine 


The Lincoln Electric Co., Cleve- 
land 17, Ohio, has published a 4- 
page bulletin in color describing 8 
separate models of the new Idealarc 
a-c and a-c, d-c arc-welding ma- 
chines. Known at “TM” models, 
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they are reported to offer outstand- 
ing arc stability, extra-wide current 
range, continuous dial-type current, 
recessed controls, “on-off” indicator 
light and easily changed input volt- 
age connections. 

Available in sizes from 300 to 
650 amp, the basic Idealarec ‘““TM” 
welding machine can also be 
equipped with power-factor correc- 
tion, remote control, low voltage 
contactor, 115-v push-button circuit 
arc booster and undercarriage. 

For your free copy, circle No. 54 
on Reader Information Card. 


High-strength Steel 


A new booklet entitled, “‘300-M 
Ultra High Strength Steel,” has just 
been issued by the International 
Nickel Co., Inc., 67 Wall St., New 
York 5, N. Y. Numerous charts 
and tables are employed in the 14- 
page booklet. 

Previously an upper tensile 
strength limit of about 200,000 
psi had been adhered to in the belief 
that higher strengths were neces- 
sarily associated with dangerous 
brittleness. 

The superior qualities of 300-M 
are reportedly achieved by so pro- 
portioning the alloy content as to 
produce a deep-hardening steel in 
which very high strength is de- 
veloped with moderate carbon con- 
tent. This strength is further- 
more developed on tempering at 
relatively high temperatures. Due 
largely to these two factors, properly 
heat treated 300-M is in a relatively 
stress-free condition. 
This state is conducive to good 
ductility, toughness and reliability. 

For your free copy, circle No. 55 
on Reader Information Card. 


Flow Control Equipment 


A new 12-page catalog, Form 
ADC 888, describing gas-flow con- 
trol equipment for argon, helium 
and carbon dioxide is now available 
from Air Reduction Sales Co. Inc. 

The catalog covers recent addi- 
tions to this equipment group—a 
series of fixed-pressure regulators 
with flow adapters. 

Details on Airco’s demand-type 
proportioner for customers requiring 
special gas mixtures for pipe-line 


distribution systems are also given. 
For your free copy, circle No. 56 
on Reader Information Card. 


Semiautomatic Welding System 


An illustrated, 6-page, two-color 
brochure, Bulletin No. RD-400, 
on the new Raco Dynaweld semi- 
automatic welding system has been 
published by the Reid-Avery Co., 
Inc., Dundalk, Baltimore 22, Md. 

The Dynaweld system is a semi- 
automatic, shielded-arc welding 
process which operates from any 
standard a-c or d-c power source and 
the entire unit is completely 
portable. 

The brochure contains full in- 
formation on this portable system as 
to specifications and applications, a 
two-part chart that indicates the 
production and cost advantages of 
the Dynaweld over conventional 
units and a full catalog sheet of the 
complete line of Raco products. 

For your free copy, circle No. 57 
on Reader Information Card. 


Brazing 


Issue No. 92 of “‘Brazing News,” 
published by Handy & Harman, 82 
Fulton St., New York 38, N. Y. is 
concerned with the manual aspects 
of silver-brazing. This special 4- 
page edition contains several 
illustrated articles on the processes. 

For your free copy, circle No. 58 
on Reader Information Card. 


Valve Reclamation 


Featured in the March-April 1959 
issue of Colmonoy Alloy News is an 
article entitled “Valve Reclama- 
tion Program Saves $2,000,000 for 
Navy.” According to this article, 
Colmonoy No. 6 material was 
sprayed on to the valves prior to 
installation in Navy engines. This 
4-page leaflet is published by Wall 
Colmonoy Corp., 19345 John R. St., 
Detroit 3, Mich. 

For your free copy, circle No. 60 
on Reader Information Card. 


General Welding Information 


New bulletin N-112, containing 
capsule information on NCG line 
of welding and cutting equipment 
for maintenance repairs has been 
prepared by the National Cylinder 
Gas Division of Chemetron Corp., 
840 N. Michigan Ave., Chicago, Ill. 

Featured are the NCG ‘‘Combo 
Kit”’ portable welding and cutting 
outfit, Sureweld a-c utility welding 
machines and Sureweld d-c Model 
SGW portable units. The com- 
pany’s “‘Sod-R-Braze”’ acetylene-air 
torch for soldering, brazing and heat- 


N 
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Some things are PRICELESS 


To a drowning man nothing is more valuable that will find daily use in solving your toughest 


than a life preserver. Every day, in thousands of 
shops, EUTECTIC ‘‘Low Temperature Welding 
Alloys’ ® are just such a “Life Saver’’. 


In maintenance shops from coast-to-coast, 
and throughout the world, weldors have learned 
to rely on EUTECTIC products. They don’t count 
the cost of these Priceless Alloys because they 
know what they will do. They know that every 
package carries a guarantee of satisfaction, of 
competent service from each of 300 qualified 
Technicai Representatives. They depend on 
prompt delivery of factory-fresh products, from 
modern warehouses, in major centers through- 
out the country. 


You, too, can profit from 50 years of research 
and development by calling your nearest 
EUTECTIC Representative. Without obligation, he 
will conduct a Weld Savings Survey in your shop 
or plant, carry out a complete product demon- 
stration keyed to your products and problems, 
and provide you with valuable technical data 


welding problems. 


You owe it to yourself to get all the facts on 
EUTECTIC low heat input welding that minimizes 
warping and distortion and produces joints that 
are often stronger than the original part. Fill 
out the handy coupon now and learn how you 
too can make tremendous savings through 
the use of the Priceless Hundred and Sixty 
EUTECTIC “Low Temperature Welding Alloys”. 


EUTECTIC Guarantee of Satisfaction 


Cost plays no part in the selection of raw mate- 
rials for the manufacture of EUTECTIC “Low 
Temperature Welding Alloys". Only the finest in- 
gredients are acceptable and each product is refor- 
mulated regularly to take advantage of the latest 
research in product development. 


Mail this coupon today... 


©1959 EWAC 


EUTECTIC WELDING ALLOYS CORPORATION curectic wetoina attovs conporaTion 


40-40 172nd Street, Flushing 58, New York, N. Y. 
40-40 172nd St., FLUSHING 58, NEW YORK 


Gentlemen: 


Please send my free copy of the 180-page 


ATLANTA; BOSTON; CHI- ; 
EUTECTIC Welding Data Book, 


CAGO; COLUMBUS, OHIO; | 

Warehouses and Service Centers in DALLAS; DETROIT; LOS | 
ANGELES; ST. LOUIS; 

SEATTLE. 

| 


NAME 


STREET 


Canadian Plant and Headquarters: Montreal 


Warehouses: Dartmouth, N. S., Toronto and Vancouver ZONE 


For details, circle No. 24 on Reader Information Card 
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WELDING 
ENGINEER 


The Armour Research Foundation 
has an opening for an experienced 
welding engineer. Applicants 
should have several years of ex- 
perience in welding and brazing 
research with at least a B.S. degree 
in Welding or Metallurgy. 


The Foundation is located on the 
campus of the Illinois Institute of 
Technology and encourages gradu- 
ate engineering study through its 


educational program providing 
tuition free graduate study, in 
addition to offering competitive 
salaries and liberal benefits including 
generous relocation allowance and 
vacation program. 


Please send complete résumé to: 
J. Paneral 


ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35th Street 
Chicago 16, Ilinois 


Degree Engineers wanted with 
minimum of two years experi- 
ence in the welding and brazing 
of high temperature alloys. The 
selected applicants will have full 
production engineering re- 
sponsibility for the manufacture 
of advanced jet engine com- 
ponents. This is a splendid op- 
portunity for the properly quali- 
fied individual with a strong in- 
terest in the processing of the 
latest metals. 


Send resume to: 


G. F. Shea 
Production Engine Department 
62 Tremont Street 
Everett 49, Massachusetts 


GENERAL @ ELECTRIC 
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ing; Sureweld spot-welding ma- 
chine, rods, cylinders, carts and other 
necessary acessories are also shown. 

For your free copy, circle No. 61 
on Reader Information Card. 


Resistance Welding 


Sciaky Bros., Inc., 4915 W. 67th 
St., Chicago, Ill., announce a new 
Volume 5, No. 4 of their ‘Resistance 
Welding At Work”’ publication. 

This 16-page bulletin is the third 
and largest of a series which fully 
describes a variety of resistance- 
welding case histories. Both high 
standard aviation and commercial 
welding are included. 

For your free copy, circle No. 62 
on Reader Information Card. 


Nickel-Base Alloy 


A new nickel-base alloy, known 
as Hastelloy alloy N, developed as a 
container material for molten fluo- 
ride salts, is described in a 12-page 
booklet from Haynes Stellite Co., 
Division of Union Carbide Corp., 
Kokomo, Ind. 

It is expected that “Hastelloy” 
alloy N will be most useful in 
normally corrosive environments in- 
volving fluorides at high tempera- 
tures. One outstanding character- 
istic is the alloy’s resistance to em- 
brittlement upon continuous ex- 
posure to service temperatures up 
to 1600° F. Tests have shown suffi- 
cient oxidation resistance in air for 
continuous operation at 1800° F. 

Alloy N is said to have good weld- 
ability and can be readily forged. 
The hot-working range is between 
1600 and 2150° F. It has been ex- 
truded and produced in the form of 
high-quality seamless and welded 
tubing. The alloy can be supplied, 
to order, in the forms of sheet, 
plate, bar, wire, covered welding 
electrodes, and in sand, shell and in- 
vestment castings with guaranteed 
chemical composition. 

For your free copy, circle No. 64 
on Reader Information Card. 


Grinding Wheels 


Selected items of Simonds Grind- 
ing Wheels for the welding trade are 
described in a 4-page catalog bul- 
letin, Form ESA-299, recently issued 
by Simonds Abrasive Co., Tacony 
& Fraley Sts., Philadelphia 37, Pa. 

Sizes and shapes and standard 
grain and grade specifications are 
shown for reinforced-resinoid ‘‘de- 
pressed center wheels’ and regular 
resinoid-bonded straight wheels, flar- 
ing-cup wheels and ‘mounted 
wheels.”’ 

For your free copy, circle No. 65 
on Reader Information Card. 


WELDING 


ENGINEERS 


Welding Section of Manufactur- 
ing Research and Process De- 
partment has excellent oppor- 
tunities for college graduates 
with BS in engineering or science 
plus 3 years’ experience in weld- 
ing. The applicants selected 
will conduct research and de- 
velopment programs in welding 
and act as welding consultants 
to engineering and production 
departments regarding the ap- 
plication of welding processes. 
Experience in aircraft manufac- 
turing preferred, though not 
essential. 


Salary commensurate with ex- 
perience and ability to work with 
a high degree of independence. 
Send resume in confidence to: 
MR. WILLIAM WALSH 
Employment Office 


Farmingdale, Long Island, New York 


RESEARCH 
SCIENTIST 


Outstanding opportunity — for 
Ph.D., in Physics or Metal Phys- 
ics who has the ability to plan 
research programs. These chal- 
lenging assignments will cover the 
areas of: arc phenomena .. . 
plasma-jet research . . . magne- 
tics . . . solid state physics. . . 
metal transfer. This multi-plant 
corporation is known for its 
“firsts” in the welding field. 


Exceptional employee benefits. 
All replies will be kept confiden- 


tial. 
Write: 


D. H. Devine 
A. O. Smith Corporation 
Box 584 


Milwaukee, Wisconsin 


| WELDING 
ENGINEERS 
a | | 


All this experience and ability is at your service if 
you will fill out the coupon below. 


. The one-third acre dish of this huge 

| radio telescope, being built by E. W. 6 
Bliss Co., turns on a 22-foot support a 
bearing. Sperry ultrasonic testing was p | 
used to search the bearing's eight 4- 

» inch plates for laminations and to 
thoroughly probe the vital welds. 


14 YEARS OF ULTRASONIC TESTING 


Ultrasonic flaw detection is equally 
important and profitable in highly com- 
petitive production line operations. 
Proper quality control often makes 
the difference between profit and loss. 
When you consider ultrasonic testing, 
be sure to also consider Sperry’s 14 
years of proven performance to indus- 
try. Sperry’s additional services devel- 
oped through this long experience 
include: Diversified Investigation into 


testing problems for both government 
and industry ... Application Research 
to give you the most efficient ultra- 
sonic testing for your products... 
Custom Design and manufacture of 
inspection installations . . Commer- 
cial Testing on a day-to-day basis at 
your plant or in one of our laboratories 
. . . Ultrasonic Testing Schools held 
at convenient locations for industrial 
and government personnel. 


FLECTOSCOPE 


NAME TITLE 

! 
COMPANY. | ULTRASONIC TESTING EQUIPMENT 
ADDRESS. - 

CITY. ZONE___STATE_______ | 2407 Shelter Rock Road, Danbury, Conn. 


(CD Send Literature [ Have Representative Call 


For details, circle No. 12 on Reader Information Card 
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Fittings and Flanges 


New “Pipe-Mate”’ _light-wall 
stainless-steel fittings and flanges for 
noncritical process piping are de- 
scribed in a 6-page bulletin available 
from Tube Turns Division of 
Chemetron Corp., Louisville 1, Ky. 

The new line features long tangent 
fittings, rotating insert flanges and a 
reversible plug-and-cap. 

Illustrations show different meth- 
ods of joining light-wall fittings and 
pipe, including a sequence of photos 
on making “rolled in” flanged 
assemblies, Charts give dimensions 
of the new line of fittings and flanges, 
design properties of 5S and 10S 
pipe and dimensional tolerances. 

For your free copy, circle No. 67 
on Reader Information Card. 


Welding Fittings and Flanges 


A standard-size 4-page bulletin, 
No. FDC-255, listing welding fittings 
and flanges for 1'/,-in. nominal pipe 
sizes has been issued by the Bab- 
cock & Wilcox Co., Tubular Prod- 
ucts Div., Welding Fittings Dept., 
Milwaukee 46, Wis. Included are 
various types of carbon, alloy-steel 
and stainless-steel pipes. 

For your free copy, circle No. 68 
on Reader Information Card. 


Automation 


Canadian Liquid Air Co., Ltd., 
1111 Beaver Hall Hill, Montreal, 
Quebec, have released their March 
1959 issue of and Flame.”’ In- 
cluded in this 4-page publication is 
a feature article entitled ‘“‘Automa- 
tion Stressed in Expanded L. A. 
Electrode Plant.” 

For your free copy, circle No. 69 
on Reader Information Card. 


OF NEW BOOKS 


Creep of Engineering Materials 


Creep of Engineering Materials. 
By Jain Finnie, Engineer, and Wil- 
liam R. Heller, Physicist, Shell De- 
velopment Co. 327 pages, 6x 9 in., 
126 illustrations. McGraw-Hill 


SOLDERING PROBLEM? & 


stainless to aluminum? 
aluminum to copper? 
cast iron to steel? 


You get high strength with 
ALL-STATE special solders 


BOEING 707 Landing Gear Harness | 
Braided stainless steel wire and flexible conduit } 
had to be joined to cast fittings. Brazing burned 

the fine wire. ALL-STATE had a special solder | 
which solved the problem. (See #430, below.) | 


#7 Special solder for cast iron 450-600°F. Withstands 1000 psi P. 


#37 Developed for joining aluminum with soldering iron at low 450°F. Good color 
match and corrosion resistance. Also joins dissimilar metals. 1000 psi P. 


#39 Special solder to join all types of aluminum for both +a -up (450°F) and 
capillary flow (650°F) — with or — flux. 8000 psi T 


#55 Newly developed aluminum 
psi T. All aluminums. 


“rubbon” “solder — NO FLUX- 705 °F — 20,000 


#105 Special medium temperature alloy for both ferrous and non-ferrous metals 


(640-740°F ) — to 25,000 psi T. 


#107 The finest made to join aluminum to steel, copper and brass—or to each 
other (480-600°F ) — to 25,000 psi T. 


#430 NO LEAD, NO ZINC or CADMIUM -— develops tensile strengths of 10,000 
to 28,000 psi on stainless and dissimilar metals. 


low 430°F. 


Send for ALL-STATE Instruction Manual. 


Distributor-Stocked, convenient to buy. Economical to use. 


con ALL-STATE WELDING ALLOYS CO., INC. White Plains, N. Y. 


For soldering iron at a 


@®RUBBON is a registered trade name. | 


Call WHite Plains 8-4646 or write for nearest distributor 


For details, circle No. 13 on Reader Information Card 
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Book Co., 327 W. 4ist St., New 
York 36, N. Y. Price $11.50. 

Here is comprehensive coverage of 
the creep of engineering materials, 
treating design for creep conditions 
in thorough detail to aid in for- 
mulating and solving engineering 
problems. The book combines the 
fundamentals of material behavior 
with important engineering applica- 
tions, and provides a perspective 
view of the advantages and limita- 
tions of different materials which 
undergo creep. 

Two experts in the field provide 
well-rounded treatment of the sub- 
ject, ranging from the mechanisms 
involved in the creep of different 
classes of materials to advances in 
newly developed metals for use in 
aircraft and nuclear power. They 
discuss such topics as creep testing; 
measurement of creep variables, 
such as temperature, strain and load; 
mechanisms involved in the creep of 
metals and nonmetals; stress anal- 
ysis under creep conditions; sources 
presentation and extrapolation of 
creep data; factors in choosing a 
design stress; and creep problems 
which occur in specific applications. 
In addition, typical creep curves 
and examples of engineering calcula- 
tions are shown. 

Bringing together in a unified way 
the viewpoints of the physicist and 
engineer, the book provides en- 
gineers and applied scientists with 
practical help in selecting materials 
for structural applications before the 
last stages of design. 


Welding Stresses 


Welding Stresses in Metal Struc- 
tures (Schweissfanning-en in Metall- 
kon-struktionen). By N. O. Oker- 
blom, Verlag Carl Marhold, Halle /- 
Saale, East Germany, 190 pages, 
120 figures. 20.40 marks. 

This book is a translation of 
Russian work. It classifies internal 
stresses due to welding and explains 
their origin. It describes the effect 
of technological factors on shrink- 
age stresses and the effect of weld- 
ing procedures. Finally, means for 
reducing stresses by peening, heat 
treatment, etc., are discussed. The 
effect of shrinkage stresses on service 
behavior of the structure is dis- 
cussed. The book is_ theoretical 
but can be recommended for every 
welding engineer. 

(C. G. Keel in Journal de Soudure) 


Grinding Wheels 


The Grinding Wheel, 1959, re- 
vised by William F. Schleicher. 
Published by the Grinding Whee! 
Institute, 2130 Keith Building, 
Cleveland 15, Ohio; 32 chapters; 


| | > 
| 
| 

| | 

| 
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532 pages; $4.95. 

This thoroughly revised and up- 
dated edition of The Grinding Wheel 
discusses grinding wheels, grinding 
machines and grinding operations 
from a basic, as well as a practical, 
working standpoint. 

From the opening chapters which 
discuss abrasive materials, wheel 
shapes and sizes, bonds and wheel 
manufacture, through the entire 
range of abrasive operations, cover- 
ing not only metalworking, which 
comprises the largest part of the 
book, but the grinding of ceramics, 
glass, marble and concrete, all 
conceivable major grinding opera- 
tions have been covered: centerless, 
cylindrical, rough, roll, surface, etc. 
In addition, special chapters deal 
with the “Evaluation of Surface 
Quality,’ ‘““Truing and Dressing,” 
“Grinding Fluids” and ‘Factors 
Affecting Wheel Selection.’”’ The 
practical aspect has been stressed 
throughout the book, with many 
hints for efficient grinding, wheel 
selection and trouble shooting. 

The current, revised edition is 
based on the 1951 edition, greatly 
expanded with much added _in- 
formation. It contains over 100 
pages of new material. Four new 
chapters have been _ written: 
“Mounted Wheels,” ‘Reinforced 
Wheels,” “‘Automation and Ad- 
vanced Mechanization”’ and 
“‘Safety.”’ Many new subjects are 
introduced in the revised edition and 
have been incorporated in standing 
chapters; among others: ‘Jig Grind- 
ing,” ‘“‘Electro-Assist Grinding,” 
“Optical Projection Grinding,’’ 
“Filtering of Grinding Fluids,” 
“Grinding of Ceramics.” 

One of the most valuable sections 
in the book is a trouble-shooting 
chart and a wheel-selection chart. 
In the former are discussed, in 
eight pages, the majority of troubles 
which beset the grinding operator 
with the corresponding correction 
leading to the elimination of the 
trouble. The detailed, 16-page 
wheel-selection chart gives wheel 
recommendations for every major 
kind of material from agate to 
wrought iron. Wheel selection for 
zirconium, ceramics, germanium and 
titanium is discussed in the proper 
chapters. 

Safety, a most important subject, 
has also been given a chapter of its 
own. 


USE 
READER INFORMATION CARD 


* Also Tempil® Pellets 
and Tempilagq® (liquid form) 


Tempilstik °_a simple and 
accurate means of determining preheating 
and stress relieving temperatures in 
welding operations. Widely used in all 
heat treating—as well as in hundreds 

of other heat-dependent processes 

in industry. Available in 80 different 
temperature ratings from 113°F 

to 2500°F ... $2.00 each. 


Send for free sample = peal Pellets, 
State temperature desired .. . Sorry, 
no sample Tempilstiks’. 


Most industrial and welding supply 
houses carry Tempilstiks® ... If yours 
does not, write for information to: 


ACCESSORIES DIVISION 


432 West 22nd St., New York 


For details, circle No. 23 on Reader Information Card 
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Shape-cutting Machine 


The Oxweld CM-60, reportedly 
the first large-capacity cutting 
machine equipped with a _ photo- 
electric tracing system that auto- 
matically compensates for kerf 
width, is now available from Linde 
Co., Division of Union Carbide 
Corp., 30 E. 42nd St., New York 
17, N. Y. Powered by two elec- 
trically coordinated heavy-duty mo- 
tors, standard models can cut up to 
10-ft. widths with 10 torches. The 
machine is also the first American- 
made unit to feature coordinate 
drive. Additional torches can be 
installed on larger models. 


Parts can reportedly be repro- 
duced from an exact-sized drawing 
without allowing for kerf width on 
the drawing itself. The kerf-com- 
pensator dial is set for plate thick- 
ness to be cut, automatically com- 
pensating for kerf width so that 
reproduced parts are exactly the 
same size as the line drawing. Or- 
dinary pencil or ink sketches of in- 
tricate shapes can be used to guide 
the CM-60. In addition, one sin- 
gleoperator in the control panel 
can handle tracing, ignition, pre- 
heat, cutting oxygen, height adjust- 
ment of the torches, movement of 
the carriages and positioning of the 
Linde Photocell Tracer. 

For details, circle No. 100 on 
Reader Information Card. 


Hard-surfacing Electrode 


Stoody Co., Whittier, Calif., has 
developed a high-alloy hard-sur- 
facing electrode with reported high 
resistance to extreme abrasion, me- 
dium impact and high compressive 
loads. Known as Stoody 2134, the 
electrode has been developed to 
protect such earth-working equip- 
ment as shovel buckets, teeth and 
crushers. It is a tubular electrode 
with a dipped graphitic covering, 
containing 43 % in alloy composition. 
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Diebtal arin Claaboada Lialdae 


Deposits are said to bond readily 
to carbon, low-alloy and manganese 
steels. They are magnetic, non- 
machinable, nonforgeable, and will 
not respond to heat treatment. 
The electrode will operate on a-c 
or d-c straight or reverse polarity. 
Hardness ranges from 56 to 60 
Rockwell C with a 2-pass deposit 
on medium-carbon steel. Water 
quenching from 1750° F increases 
hardness to 63-65 Rockwell C. 
Deposits will not work harden. 
Stoody 2134 is available for manual 
welding in */,. and */,, in. diam, 
14-in. lengths—'/, and */,; in. in 
18-in. lengths and in */,-in. diam 
50-lb coils for semiautomatic weld- 
ing. Stoody officials indicate that 
the new electrode will provide serv- 
ice life surpassed only by the tung- 
sten carbides. 

For details, circle No. 101 on 
Reader Information Card. 


Tungsten-arc Welding Outfit 


Air Reduction Sales Co., a Di- 
vision of Air Reduction Co., Inc., 
150 E. 42nd St., New York 17, 
N. Y., now offers the new Helicraft 
100 gas-shielded tungsten-arc weld- 
ing outfit. It is designed to be used 
by farmers, dairymen, small sheet- 
metal fabricators, auto repairmen, 
plumbers and jewelers. 


The kit, which can be operated 
from any conventional d-c power 
source, is said to produce welds on 
light-gage stainless steel, aluminum, 
brass, copper, nickel, Monel, silver 
and all other nonferrous metals. 
Some of the advantages are high 
speed, reduced distortion, excellent 
penetration and the elimination of 
postweld cleaning and grinding. 

The Helicraft 100, packaged in a 
sturdy, steel carrying case, contains 
all the necessary equipment for 
Heliwelding in the 100-amp. range 
and below. Included in the kit is a 
fixed-flow pressure regulator with 


flow adapters that gives automatic 
control of gas flow. 

For details, circle No. 102 on 
Reader Information Card. 


Ultrasonic Welding 


A new instrument-type ultra- 
sonic-welding machine designed to 
make welds in small parts and deli- 
cate assemblies has been developed 
by Aeroprojects of West Chester, 
Pa. This unit, with a power capac- 
ity of 100 is designated Sonoweld 
Model W-100-TSL-58-6. 


This new unit offers several im- 
portant advantages to manufac- 
turers in electronic and instrument 
fields. Because ultrasonic welding 
is accomplished without melting or 
fusion, and since no electrical cur- 
rent passes through the parts being 
joined, contamination of surround- 
ing areas by sputter, arcing or spat- 
ter is eliminated. 

Many difficult-to-join metal com- 
binations are reportedly handled by 
the Sonoweld unit. For example, 
superior ohmic contacts are made 
between such semiconductors as 
silicon or germanium and aluminum 
or gold wire. Electric match and 
other fine bridge-wire assemblies 
using high-resistance wire in the 
thickness range of 0.003 to less 
than 0.001 in. are welded. 

For details, circle No. 103 on 
Reader Information Card. 


Wire Spools 


The International Nickel Co., 
Inc., 67 Wall St., New York 5, 
N. Y., has introduced 2-lb spools 
for use in gas-shielded metal-arc 
welding for five types of filler wires. 
These include Inco-Weld “‘A,”’ “67” 
70/30 copper-nickel ‘‘62’’ Inconel, 
“61” Nickel and “60” Monel filler 
metals. Inco officials have de- 
signed these spools in order to reach 
areas previously considered inac- 
cessible. 

For details, circle No. 104 on 
Reader Information Card. 
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Metal-removal Torch 


Model H-5, a new metal-removal 
torch, is now available from Arcair 
Co., Lancaster, Ohio. The most 
outstanding feature of the torch is 
said to be a push-button air-control 
valve in the handle of the torch it- 


self. Electrodes of or in. 
diam can be used with this torch 
which finds typical applications in 
foundries, plate shops and heavy 
maintenance shops. Auxiliary re- 
quirements include a welding ma- 
chine and 80-100 psi ofordinary com- 
pressed air from the shop line. 

For details, circle No. 105 on 
Reader Information Card. 


Preforms 


Using techniques developed in 
manufacturing ultra-precise high 
purity semiconductor alloy preforms, 
Accurate Specialties Co., Inc., 37 
11 57th St., Woodside 77, N. Y., an- 
nounces the availability of soft- 
solder preforms in a wide range of 
solder alloys up to 700° F melting 
point, in disks, washers, spheres 


and special shapes made to cus- 
tomer specifications. 


Accurate Specialties’ solder pre- 
forms offer three features: (1) 
mechanical tolerances in the pre- 
forms said to be closer than gen- 
erally available; (2) oxide-free sur- 
faces; and (3) precision-alloying 
techniques in producing the solder 
alloy. 

For details, circle No. 
Reader Information Card. 
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Welding Goggles 


A new plastic eyecup is the prin- 
cipal feature of improved welding 
goggles offered by Sellstrom Manu- 


More 


Palatine, IIl. 
efficient antifog ventilation is also 
claimed to be an advantage built 
into the new goggles, which carry a 
No. 500 model number. 


facturing Co., 


For details, circle No. 107 on 


Reader Information Card. 


Contour-cutting Machine 


Steffan Manufacturing Corp., 276 
S. Lincoln St., Salem, Ohio, has 
developed a new contour-cutting 
machine designed to eliminate the 
use of forged fittings. According to 
the manufacturer, the machine, cuts 
at a rate of 20 ipm, contouring a 6- 
in. aluminum pipe in 20 sec. Sec- 
tions requiring straight mitered or 
contoured ends are prepared with 
bevels for welding. The cutting 
head can be equipped with the 
oxyacetylene torch for carbon steel 
or a gas-shielded cutting attachment 
for aluminum, stainless steel, cop- 
per, cast iron, magnesium and high- 
alloy steels. Various models of 


this basic unit, the Steffan ‘auto- 
matic contour cutter,” reportedly 
permit pipe cutting from 2 in. 


up to 24 in. in diameter. 
For details, circle No. 
Reader Information Card. 
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Oxygen-cutting Tips 


A new line of tips for oxygen- 
cutting with natural gas and pro- 
pane has been announced by Air 
Reduction Sales Co., a Division of 
Air Reduction Co., Inc., 150 E. 
42nd St., New York 17, N. Y. 
Designated Style 260 ‘“‘straight 
bore” and Style 360 “divergent 
hi-speed,’”’ these new tips were de- 
signed to be used with standard 
Airco 3000 and 9000 hand-cutting 
torches, 3700 and 3800 hand-cut- 
ting attachments and 4700 ma- 
chine-cutting torches. 

Tips are hard, three-seated type 
with improved preheat patterns 
that have a preheat range to satisfy 
most requirements. 

Style 260 “‘straight bore” tips 
are available in seven sizes for both 
manual and machine cutting of thick- 
nesses up to and including 12 in. 
“Divergent hi-speed” tips, Style 
360, are available in eight sizes for 
machine cutting. 

For details, circle No. 109 on 
Reader Information Card. 
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Which piece of 
20 carbon steel was 
gouged in 26 minutes? 


These two blocks of 20 carbon steel 


are 7 in. square and 8 in. long. The 
groove is 2% in. deep. The block on 
the right took 134 hours to chip out. 
The one on the left was gouged with 
an Arcair torch in 26 minutes — four 


times faster! 


You can cut, gouge, bevel or groove 
any metal using the Arcair method — 
and get dramatic cost savings with an 


investment of much less than $100. 


HOW DOES ARCAIR WORK? The torch 
utilizes air from an 80 p.s.i. air line, 
current from a welding machine and 
special electrodes to melt and remove 
metal. Fifteen minutes instruction is 
all an operator needs. 


WHAT'S YOUR PROBLEM? Write us your 


specific problem. We'll give you a 


speedy and sincere answer. 


THE ARCAIR CO., 427 S, Mt. Pleasant St. | 


Lancaster, Ohio 


| Send me more information on Arcair Torches and | 
special electrodes | 
NAME | 
TITLE 

| 

COMPANY 
ADDRESS | 
CITY STATE 
my | 
PROBLEM — | 


For details, circle No. 28 on Reader Information Card 
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Pistol-grip Electrode Holder 


Frank Niemi Metal Products, 
Inc., Gurnee, Ill., announces a new 
hoider for arc-welding electrodes. 

This new holder has a molded pis- 
tol grip, with a built-in safety cut- 
out to prevent accidental “flashes” 
or shocks. The instant grip is re- 
leased, current is said to shut off. 


Other advantages of this new 
Handi-Arc electrode holder is its tip 
grip on electrodes which permits 
use of electrodes down to a short 
stub. Heavy-duty milled copper 
jaws are adjustable to accommodate 
rods of different diameters. It also 
has push-button stub ejector, is 
bright red and has a phenolic plastic 
case. 

For details, circle No. 110 on 
Reader Information Card. 


Tungsten-arc Conversion Unit 


Miller Electric Mfg. Co., Inc., 
Appleton, Wis., now offers a gas- 
shielded tungsten-arc conversion 
unit for their AEA series of gasoline- 
engine-driven welding and power 
plants. 


The new device connects readily 
to welding machine and delivers 
continuous high frequency for arc 
starting only. The company claims 
outstanding welding characteristics 
and stabilized arc result directly 
from their exclusive 2-range balanc- 
ing resistor. 

The unit is complete with gas 
timer, gas valve, 4-gal water-coolant 
system and RHS-2 hand switch for 
are starting. 

For details, circle No. 111 on 
Reader Information Card. 
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Zinc-soldering Process 


A zinc-soldering process for join- 
ing aluminum to itself and other 
metals is expected to broaden the 
light metal’s use in the refrigera- 
tion, automotive, air conditioning 
and electrical industries. 

Exhaustive tests by Aluminum 
Company of America, 1501 Alcoa 
Bidg., Pittsburgh 19, Pa., indicate 
the zinc technique offers the best 
method for making sound, corrosion- 
resistant soldered joints. The zinc 
soldering process is especially suited 
to bonding thin complex sections, 
including heat exchangers of all 
types. 

Other promising applications in- 
clude metallurgical bonding of alu- 
minum spirally wrapped or plate fins 
to aluminum, copper or steel tube, 
and bonding socketed tube joints 
and dissimilar metal transition 
joints. 

Test results evidenced that zinc- 
soldered socketed tube joints, ex- 
posed to extremely corrosive atmos- 
pheres for periods up to a year, 
showed little or no damage as a re- 
sult of corrosion. Tensile, hydro- 
static and fatigue tests on alu- 
minum soldered to copper tube 
showed the joints to be stronger 
than those made by conventional 
processes. Finally, aluminum-to- 
aluminum socketed tube joints dis- 
played greater strength than the 
tube itself. 

Alcoa engineers also noted the 
process’s potential advantages over 
brazing. The fluxes used are less 
expensive than brazing fiuxes, and 
are simpler to remove after solder- 
ing. Zine soldering also permits 
the joining of aluminum to copper 
because it can be used at a lower op- 
erating temperature than brazing. 

Alcoa now is making a complete 
line of joining materials to zinc sol- 
der aluminum to itself, or to other 
metals. The company advises the 
use of Alcoa No. 81 or 82 soldering 
sheet, No. 805 solder and No. 66A 
or 67 flux to perform the zinc sol- 
dering process effectively. In cer- 
tain applications only the flux need 
be used in making assemblies where 
one of the joint components is alu- 
minum. 

For details, circle No. 
Reader Information Card. 
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Liquid Brazing Flux 


A separate valve is provided by 
Sight Feed Generator Co., West 
Alexandria, Ohio, in the new Rex- 
arc Liquifluxer which enables the 
exact amount of flux desired for 
any brazing operation. Dispensing 
with wicks, the new fluxing opera- 


tion processes about 2500 cu ft. of 
gas, depending on the brazing opera- 
tion. Amount of flux in the fluxer 
is revealed by a level gage. Liqui- 
flux is vaporized and inducted into 
the gas stream automatically. 

For details, circle No. 113 on 
Reader Information Card. 


Rectifier Welding Machine 


The new rectifier-type ‘Airco- 
matic Fillerarc’”’ d-c welding ma- 
chine, now available from Air Reduc- 
tion Sales Co., a Division of Air 
Reduction Co., Inc., 150 E. 42nd 
St., New York 17, N. Y., combines 
the features of a rising-character- 
istic power source with the advan- 
tages of transformer-rectifier de- 


sign. 


For use with gas-shielded metal- 
arc welding applications, the ma- 
chine is designed to supplement the 
company’s line of motor-generator 
type machines. Suitable for both 
manual and automatic welding on 
all weldable metals, its primary ad- 
vantage is stepless adjustment of 
are length and rate of rise for var- 
ious wire diameters. 

The unit is rated at 450 amp, dc, 
40 v, 100% of duty cycle. Speci- 
fications: weight 665 lb; height 
28 in.; width 25 in.; and length 
46'/, in. Functional design allows 
machines to be stacked or placed 
side by side for parallel operation 
in confined spaces. 


For details, circle No. 114 on 
Reader Information Card. 
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Thyratron Tubes 


Two new thyratron tubes, WL- 
7306 and WL-7307, for general pur- 
pose control and welding control 
service, are now available from the 
Westinghouse Electric Corp., Elec- 
tronic Tube Div., P. O. Box 284, 
Elmira, N. Y. 


In addition to xenon filling which 
minimizes tube-voltage drop, each 
tube has a button stem designed to 
assure immunity from mechanical 
failure. 

To minimize grid current, a spe- 
cial carbonized nickel grid is em- 
ployed. Also, high-alumina 
ramic insulators are used throughout 
the tubes to insure strength and 
high insulation resistance. 

The WL-7306 xenon-filled thy- 
ratron is a direct electrical and 
mechanical replacement for the 
5684, C3JA, 5632 and C3J. Be- 
cause of its mercury and xenon fill- 
ing, the WL-730 reportedly pro- 
vides an improved life in most soc- 
kets now using inert-gas thyratron 
tubes 5684, C3JA, 5632, C3J and 
WTT 106. This tube replaces the 
6011 and the 710. 

For details, circle No. 
Reader Information Card. 
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Dispensing Improvement 


An improvement in the dispens- 
ing of ““Twinweld”’ epoxy solders 
has been made by Fybrglas Indus- 
tries, 3010 Montrose, Chicago 18, 
Ill. A single key is provided across 
both tubes of the two-component 


solder, giving equal ejection from 
each tube. 

The solder is used in maintenance 
repair of similar and dissimilar 
materials. 

For details, circle No. 116 on 
Reader Information Card. 


Zirconium-copper Alloy 


A zirconium-copper alloy, pos- 
sessing reported excellent electrical 
conductivity and high-temperature 
strength properties, has been de- 
veloped by American Metal Climax, 
Inc., 61 Broadway, New York, N. Y. 
This material, known as “‘Amzirc”’ 
alloy, consists of high-conductivity, 
oxygen-free copper and controlled 
concentrations of high-purity zir- 
conium. 

It is expected that this new alloy 
will find widest use in electrical 
equipment where there is a need 
for the combination of high elec- 
trical conductivity and good me- 
chanical strength at elevated tem- 
peratures. 

A typical bar of this alloy, cold- 
worked 60% and aged for 1 hr. at 
400° C, exhibits the following: 
tensile strength, 63,000 psi; yield 


strength, 59,000 psi; elongation, 


lreate 


d High Carbon Stee/ 


e Brineli Rordness 230/250. 
Tensile strength 110,000 psi. 
Easily welded with H. electrodes. 


12°; and electrical conductivity, 
90-95 %. 

For details, circle No. 
Reader Information Card. 
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Stud-welding Gun 


A new stud-welding gun, Model 
R, is now available from Shielded 
Stud Welding Co., 2043 Gaylord 
St., Long Beach 13, Calif. 


Among the advantages of the 


small revolver-size gun are _ its 
ability to handle studs through '/.- 
in. diam base and of welding 
smaller studs to sheet metal. The 
manufacturer reports that there is 
only one prefabricated assembly for 
the gun’s mechanism. 

For details, circle No. 118 on 
Reader Information Card. 


e Machinable with high-speed tools. 


° Easily fabricated in the field. 


® Lasts from 3 to 10 times longer than mild steel. 
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For details, circle No. 25 on Reader Information Card 
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Resistance-welding Devices 


Control Devices, Inc., 925 S. 
Eton, Birmingham, Mich., have 
introduced current and potential 
transformers for analysis of resist- 
ance welding. The transformers 
are used with direct-writing oscillo- 
graph for the measurement of pri- 
mary voltage and current of resist- 
ance welding and for cycle count- 
ing. ‘They can also be used for ad- 
justing controls for up and down 


slopes. 


| 


Another product is a lightweight, 
self-contained cable-testing device 
which permits evaluation of con- 
ductivity in percent of welding 
cables. Provision is made for test- 
ing cables of different lengths and 
cross sections. Results of the read- 
ings give information as to the effi- 
ciency of the cable after prolonged 
use. 
For details, circle No. 119 on 
Reader Information Card. 


Package for Tungsten-arc Welding 


Hobart Brothers Co., Troy, Ohio, 
have developed a light-weight unit 
for use in gas-shielded tungsten-arc 
welding. Know as “Tigpak,” the 
unit is designed to eliminate moving 
of heavy arc-welding equipment 
and extending water lines for remote 
welding jobs. Developed specially 
for tungsten-arc welding in remote 
locations, with a-c/a-c gasoline- 
engine-driven welding machine of 
200 or 300 amp capacity. How- 
ever, they can be used with d-c 
gas-drive units, provided a source 
of 110-v ac power is available and 
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with electric-powered d-c, a-c or 
a-c /d-c motor-generator sets, recti- 
fiers or transformers by using a 
special adapter kit. Weight with- 
out water is 180 lb. 

For details, circle No. 120 on 
Reader Information Card. 


Welded Steel Tubing 


Steel stocks of the Steel Ware- 
house Division of the R. C. Mahon 
Co., Detroit, have now been ex- 
panded to include both resistance- 
welded, hot-rolled square and rec- 
tangular steel tubing and special 
submerged-arc welded, hot-rolled 
square and rectangular structural- 
steel tubing. 

The new materials are reportedly 
available for immediate delivery 
from the division, which serves the 
tri-state area of Michigan, Ohio and 
Indiana. 

The square tubing, according to 
the division, is a hot-rolled, pickled- 
and-oiled MT 1010 steel, and is of- 
fered in random lengths of 20 to 24 
ft, with sizes ranging from 1 to 4 
in. sq, and wall thicknesses of 12 ga 
to '/, in. The rectangular tubing 
is of the same type steel. Offered in 
the same lengths as the square tub- 
ing, its size range is from 1'/, xX 
3 to4 X 6in., with wall thicknesses 
of 7 ga to '/, in. 

The special structural tubing is a 
hot-rolled ASTM A113B steel, and 
is stocked in sizes of 5 and 6 in. 
sq with '/,-in. walls, and 8- x 4-in. 
rectangles with ' ,-in. walls. 

For details, circle No. 121 on 
Reader Information Card. 


Visitors’ Goggles 


Sellstrom No. 100 guest goggles, 
molded of Tenite propionate plas- 
tic, are available from Sellistrom 
Mfg. Co., Palatine, Ill. Weighing 
less than one ounce, the goggles can 
be worn separately or over most 
prescription glasses and are avail- 
able with either clear or green lenses. 
Recommended for plant visitors as 
a precaution against flying grind- 
ings, dust and particles, each pair 
can be imprinted with the company 
name. 

For details, circle No. 122 on 
Reader Information Card. 


Volt-amp Tester 


Conforming with standard safety 
practices, Amprobe Division, Pyr- 
amide Instrument Corp., 630 Mer- 
rick Rd., Lynbrook, N. Y., has de- 
signed their Amprobe Jr., a volt- 
amp tester, in safety yellow. 

Available in 25-, 50-, or 100-amp 
full scale in either 125/250 or 150/- 
600 v, the pocket-sized one-hand 


trigger-operated device reportedly 
obtains accuracies of plus or minus 
3% of full scale in voltage and cur- 
rent readings. 

For details, circle No. 123 on 
Reader Information Card. 


Electric Starters Added 


The AEA series gasoline-engine 
driven welder / power plants are now 
offered with optional electric starters 
by Miller Electric Mfg. Co., Inc., 
Appleton, Wis. Newsystem is pow- 
ered by a 12-v battery with Bendix- 
drive automotive-type starter. 


The Onan 12.9-hp engine and 
other components that combine to 
deliver 225 amp a-c welding current 
on 100% duty cycle remain un- 
changed. 

New model designators are AEA- 
200-E and AEA-200-LE. 

For details, circle, No. 124 on 


Reader Information Card. 
Cable Reel 
A ‘“Weldreel’”’ dual-cable reel 


for both electrode and ground 
cable has been introduced by United 
Specialties, Inc., El Dorado, Ark. 
Each of the twin reels has a capacity 
of 50 ft of 2/0 cable or shorter 
lengths of 3/Oor4/Ocable. Current 
capacity is 300 amp with 60% 
overload factor for intermittent 
operation. Designed for both port- 
able and fixed installations, the 
new Model EA-10 Weldreel is of 
open tubular construction. 

For details, circle No. 125 on 
Reader Information Card. 


Light-weight Gas-shielded Torch 


The new Heliare HW-20 gas- 
shielded tungsten-arc welding torch 
for operation at currents up to 225 
amp on reduced duty cycles is avail- 
able from Linde Co., Division of 
Union Carbide Corp., 30 E. 42nd 
St., New York 17, N. Y. The 


water-cooled torch weighs 3.6 oz, 
is 6’/; in. long and is said to be 
small enough to weld inside a 3-in. 
tube. 

For details, circle No. 
Reader Information Card. 
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Brazing Control 


A new material, Nicrobraz Red 
Stop-Off, for control of brazing- 
alloy flow during furnace process- 
ing is now available from Stainless 
Processing Division, Wall Colmonoy 
Corp., 19345 John R. St., Detroit 
3, Mich. 


The new material is a_ liquid 
which acts as a barrier to molten 
brazing alloys by preventing the 
capillary action needed for proper 
flow, preventing flow on any metal 
surface to which it is applied. 

Suited for use on small internal 
holes, fine threads, fine wire screens 
and similar delicate details where all 
material must be removed following 
brazing, it is chemically inert at ele- 
vated temperatures and will not 
contaminate the furnace atmos- 
phere. 

It can be thinned to desired con- 
centration with standard lacquer 
thinners or butyl acetate and can 
be applied by brushing, dipping or 


DECANECD 


spraying. Removal after brazing 
is accomplished with either boiling 
water and brushing where joint de- 
sign permits, a 5-10% nitric-acid 
solution at room temperature for 
austenitic stainless-steel base metals 
or a 5-10% hydrochloric-acid solu- 
tion at room temperature for mild- 
carbon-steel base metals. 

For details, circle No. 127 on 
Reader Information Card. 


Longitudinal X-Raying of Pipe 


An X-ray machine reportedly 


capable of radiographing up to 2000 
ft of longitudinal pipe in one con- 
tinuous operation is available from 
the Travel-Ray Corp. Known as 
the ‘“Travel-Ray,” the unit is said 
to obtain sensitivities of 1 to 1.5% 
at speeds up to 40 ft of pipe in 45 


HIGHEST 
QUALITY 


DUST FREE 


DEPENDABLE 
SUPPLY 


Write for the name and address 


of the NATIONAL CARBIDE supplier nearest you. 


National Carbide Company 


sec. The equipment is adjustable 
for 12— to 36-in. pipe diam and con- 
sists of 6- and 12-wheel drive 
crawlers. It also offers variable 
band width, speed and power up to 
250 kv. 

For details, circle No. 128 on 
Reader Information Card. 


Girth-seam Welding Method 


A new method that uses auto- 
matic CO, welding equipment for 
field erection of mild-steel storage 
tanks has been announced by Arcos 
Corp., 1500 S. 50th St., Philadel- 
phia, Pa. 

The girth-seam welding method, 
as Arcos calls it, utilizes the Arcosarc 
welding process which is a visible- 
arc CO.-shielded automatic process 
employing a flux-cored wire. 

A yokelike frame that supports 
two Arcosarc wire feed units rides 
on the top edge of the plate being 
welded. The two welding units, 
one on the inside, one on the out- 
side, are offset slightly so that the 
weld metal deposited by the inside 
pass can cool before any weld metal 
is deposited on the outside to com- 
plete the weld. 

For details, 
Reader Information Card. 
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NATIONAL CARBIDE 
IN THE RED DRUM | 


A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 
GENERAL OFFICES: 150 EAST 42ND STREET, NEW YORK 17, N. Y. 
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For details, circle No. 26 on Reader Information Card 
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MODEL 52 MULTITRON 


A 


At Convair, San Diego, steel parts for air or space 
craft must be absolutely flawless to take their designed loads. 
Quick, positive inspections of these parts are made by a 
Nuclear Systems Model 52 Multitron with a cobalt 60 source. 
The unit can be wheeled about at will... wherever radio- 
graphic inspection is needed. 


Like Convair, companies all over the country are making 
sure of quality, saving time and money by inspecting with 
radiography machines from Nuclear Systems. 

If you have an inspection problem, Nuclear Systems has 
a safe, portable, economical radiography machine to suit 
your needs. For full information, contact Dept. W-7 at one 
of our sales offices. Also... inquire about Nuclear Systems’ 
regularly scheduled three-day Radiation Health Physics Course 
—an approved AEC licensing aid. 


PHILADELPHIA + CHICAGO + SAN FRANCISCO 


NUCLEAR SYSTEMS, | 


DIVISION OF THE BUDD CON 


For details, circle No. 5 on Reader Information Card 
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Heat-Extractive Brazed Bimetals Show Promise 
for Missile and Industrial Applications 


Research program indicates that it is feasible to 

apply vacuum-brazing techniques to the protection of refractory 
metals under short-term exposures to temperatures 

up to and exceeding 3600° F 


BY ROBERT C. BERTOSSA AND STEVEN RAU 


ABSTRACT. Unless protection is pro- 
vided against contact with atmos- 
pheric gases, the properties of refrac- 
tory metals deteriorate, and in many 
instances, the metals disintegrate. 
Tantalum, molybdenum, columbium 
and tungsten, although showing high 
strengths at elevated temperatures, are 
subject to this condition. 

Numerous methods have been tried 
to give these metals optimum protec- 
tion at elevated temperatures, with 
varying degrees of success. The diffi- 
culties encountered are due to the fact 
that even a tiny pinhole in the protec- 
tive coating can cause deterioration of 
the refractory metal core, in some in- 
stances within a few minutes’ time. 

Electroplated, chemical - plated, 
metal-sprayed and cast coatings are un- 
reliable due to porosity. Ceramic 
coatings have failed due to lack of duc- 
tility and, in many instances, poor 
compatability of thermal expansion 
characteristics with the _ refractory 
metals over the wide temperature ranges 
and under the requisite rapid applica- 
tion of heat. 


ROBERT C. BERTOSSA is Technical Director, 
Pyromet Co., South San Francisco, Calif. (for- 
merly Senior Research Metallurgist, Stanford 
Research Institute, Menlo Park, Calif.). STEVEN 
RAU is Metallurgist, Stanford Research Institute, 


Paper presented at the AWS 40th Annual Meet- 
ing held in Chicago, Ill., Apr. 6-10, 1959 


The research project discussed in 
this paper was sponsored by Wright 
Air Development Center to develop 
“‘heat-sink”’ materials for possible use 
as missile components. This recently 
completed program proves the feasi- 
bility of applying vacuum-brazing 
techniques to the protection of refrac- 
tory metals under short-term ex- 
posures to temperatures up to and ex- 
ceeding 3600° F. An arbitrary re- 
quirement for this material is the 
ability to withstand a one-minute ex- 
posure to these temperatures. 


The actual temperature reached by a 
material in flight is a complex func- 
tion of the material selected and the 
speed. Therefore, it is difficult to 
specify test conditions and tempera- 
tures. 


The heat-sink clad-metal method in- 
volves the brazing of relatively thick 
high-thermal-conductivity copper to a 
thinner tantalum sheet. The tantalum 
furnishes high-temperature strength 
and resistance to abrasion. The cop- 
per serves as a heat sink to conduct heat 
generated on the exposed tantalum 
surface away from the outer shell as 
rapidly as it is generated. Even 
though the copper becomes molten, it 
appears to function satisfactorily in 
protecting the outer tantalum shell. 

Vacuum and vacuum-inert-gas at- 
mospheres create superior-quality con- 


tinuous-brazed joints, since oxidation 
or excessive voids at the bond inter- 
face materially reduce the effective- 
ness of the copper layer in removing 
heat from the tantalum. 

High-temperature exposure tests in 
rapidly flowing oxidizing gases at tem- 
peratures above 3600° F have demon- 
strated the ability of these bimetal- 
clad materials to withstand exposures 
of as long as 14 min before failure of 
the outer tantalum shell. 

The continuous-brazed bonds remain 
sound and complete even after deep 
drawing the composite tantalum-cop- 
per clad plate into shapes. 
Using brazing alloys found by experi- 
ment to give optimum results, con- 
tinuous bonds were found between 
tantalum and copper even after the 
copper had melted-—during testing in 
rapid-flow 3600° F oxidizing gas —and 
resolidified on cooling. 

Another application of vacuum bond- 
ing developed in this research program 
involves vacuum and high-purity inert- 
gas casting of oxygen-free high-con- 
ductivity (OFHC) copper into tanta- 
lum shells. This technique resulted in 
increased thermal conductivity across 
the bond interface by eliminating the 
necessity for an intermediate brazing 
alloy. 

Indications are that these _ tech- 
niques or variations of them will find ad- 
ditional applications in industry, ena- 
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Fig. 1—Induction-type vacuum furnace adaptable to vacuum-furnace casting or brazing 


OFHC COPPER 


TANTALUM 


Fig. 2—Vacuum-brazed tantalum-OFHC copper clad plate (tantalum layer—0.035 in., 


copper layer—0.250 in.) 


Table 1—Properties of Refractory Metals 


Tungsten 
Melting temperature, ° F 6,152 
Approximate recrystallization 2,200 
temperature, ° F 
Approximate tensile strength, 31,800 
at 2200° F, psi 
Formability, RT Poor 


Tantalum Molybdenum Columbium 


5,432 4,757 4,380 
1,800 1,700 1,400 
17,400 18,000 14,800 


Excellent Fair to good Excellent 


Table 2—Comparison of Thermal- 
conductivity Coefficients (Cal/sq 
cm/cm/° C/sec, at 18° C) 


Thermal-conductivity 


Metal coefficient 
Silver 1.006 
Copper 0.918 
Gold 0.700 
Aluminum 0.480 
Beryllium 0.380 
Nickel 0.142 
Steel (low carbon) 0.108 


bling the use of superalloys, stainless 
steels, and other metals in the higher 
service-temperature ranges. The tech- 
nique is adaptable also to high-tem- 
perature corrosion-resistant applica- 
tions by maintaining the inner corro- 


274-s | JULY 1959 


sion-resistant metal layers at tempera- 
tures lower than those of the corrosive 
media they contain during cycling. 


Introduction 

An ideal missile material could 
require properties far beyond those 
exhibited by any of our most ad- 
vanced metals and alloys. This 
material should be capable of with- 
standing, for a maximum period of 
one minute, temperatures which 
may range up to 5000° F. The rate 
of pressure buildup on plunging into 
dense atmosphere, on re-entry, can 
run from 1 to 1000 psi in a few sec- 
onds. Excessive vibration and 
buffeting also put severe stresses 
on the structures. 


Under these conditions, the ma- 
terial must keep heat from reaching 
internal components and retain its 
aerodynamic configuration. 


Obviously, if such a material, 
or combination of materials, could 
be developed, its range of usefulness 
would extend considerably beyond 
the application as a missile 
material. 


With this thought in mind, this 
paper is presented, and data have 
been released for publication by 
Wright Air Development Center. 


Clad Bimetals 
Investigations of available mate- 
rials for use under extreme tempera- 
ture, pressure, vibration, erosion, 
etc., as required for missiles, indi- 
cated that no single metal or ceramic 
material is entirely satisfactory. 


High-temperature metals, such as 
tungsten, tantalum, molybdenum 
and columbium, although able to 
retain sufficient strength under these 
conditions, were found susceptible 
to rapid deterioration in the temper- 
ature ranges specified. Ceramics 
(with one possible exception) failed 
to demonstrate sufficient ductility 
to survive and maintain integrity 
under these conditions. 


The idea was then conceived 
that, since the high-temperature 
phase of a missile’s flight was of 
extremely short duration (on the 
order of 1 min), a high-strength 
refractory metal sheli, with an 
intimately bonded inner layer of 
high-thermal conductivity material, 
might prove to be a solution. This 
is termed the “‘heat-sink” theory. 


Of the refractory metals, tantalum 
appeared to have the best combi- 
nation of high-temperature strength, 
recrystallization characteristics and 
workability (see Table 1). It was 
selected as the outer skin of the 
cone. 


Oxygen - free high - conductivity 
(OFHC) copper, with the highest 
thermal-conductivity coefficient of 
any of the metals (except silver), was 
selected as the optimum heat-sink 
material to be placed in intimate 
contact with the tantalum inside 
the cone (Table 2). At the temper- 
ature to which the component is ex- 
posed in service, it was expected 
that the copper would become 
molten within a short time; how- 
ever, by maintaining intimate con- 
tact with the tantalum skin, it was 
expected that the copper would per- 
form its heat-extractive function 
satisfactorily in spite of its physi- 
cal condition. 


\ 
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Bonding Techniques 


Vacuum and/or inert-gas casting 
and fluxless-brazing techniques were 
selected as ideal for effecting tanta- 
lum-OFHC copper bonds for this 
service for the following reasons: 


1. These methods eliminate the 
necessity for using nonmetallic fluxes 
for joining the dissimilar metals. It 
is impossible to remove these fluxes 
completely from the brazed inter- 
face, and they seriously impair bond 
strength and thermal conductivity (a) As-cast cone (b) Cross section 
across the interface. 


Fig. 3—Vacuum-cast cone specimens 


2. Atmospheric gases (oxygen 
and nitrogen) and hydrogen are 
excluded from contact with the 
brazement during the entire vacuum 
heating and cooling cycle, thus 
preserving ductility in the tantalum 
and eliminating possibilities of oxi- 
dation at the bond interface. 


3. Vacuum techniques minimize 
the size and frequency of gas cavities é 
at the bond interface and insure 
clean, strong and continuous joints * ; ” (DETERMINATED BY TWINNING 
with the least obstruction to thermal wn 


To explore effectively the field 


> OFHC COPPER 


of vacuum and /or inert-gas casting 
and joining methods as applied to wns we 

the development of tantalum-OFHC CROSS-SECTION AT BRAZING INTERFACE | 
copper bimetallic materials, three NH, OH~H,0, ETCHANT 


promising techniques were explored 
simultaneously. 


Fig. 4—Microstructure of 92% copper, 8% tin bond interface 


1. Vacuum and/or Inert-gas Fur- 
nace Brazing. Vacuum and/or 


inert-gas furnace brazing involves 
enclosure of the entire brazing 
assembly in a high vacuum, where 
high-purity inert gases can be 
introduced to control the vapor pres- 
sures of the copper and the brazing 
alloys to prevent vaporization. 
This technique was used for the 
many small pilot brazing tests 
conducted in this program, evaluat- 
ing brazing alloys for joining tan- 
talum to OFHC copper. The 
technique can be adapted to any 
size brazement which can be accom- 
modated in a large vacuum fur- 
nace used for this purpose (Fig. 1). 


BEND TESTS 


(NOTE TANTALUM BENT T sic COMPRE 1ON) 
2. Vacuum-pressure Brazing. 
This technique involves enclosing Fig. 5—180-deg free-bend tests on 92% copper, 8% tin bond 


the brazement in an expendable- 
metal flexible envelope and drawing 


vacuum selectively on the brazing utilized in producing larger 3- by alloy is required to join tantalum to 
interface. Using this technique, the 4-in. and 6- by 6-in. vacuum-clad OFHC copper, and the cladding can 
uniform pressure of the atmosphere bimetallic plates for forming and be accomplished in the final formed 
on the outside of the evacuated testing, since it can be done in an shape of the nose cone. This bond- 
assembly can be utilized to insure ordinary nonatmosphere furnace ing method involves the casting of 
intimate contact of the metals and does not have the size limi- molten copper into a_ preformed 
being joined at the interface. This tations imposed by vacuum-furnace tantalum shell or cone in a high- 
advantage is in addition to the brazing. vacuum furnace into which high- 
effect of vacuum conditions at the 3. Vacuum-inert-gas Casting. pur.ty argon is introduced to control 
interface in preventing oxidation The advantages of this technique the pressure and to avoid vapori- 


upon heating. This method was are that no intermediate brazing zation of copper during the clad- 
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ANNEALED TANTALUM 


OFHC COPPER 


Fig. 6—Microstructure of 90% copper, 10% titanium bond interface. x 100. 
(Reduced by 20% upon reproduction) 


} ANNEALED TANTALUM 


96.5 Cu, 1.5 Mg BOND LAYER AND 


OFHC COPPER 


Fig. 7—Microstructure of 98.5% copper, 1.5% magnesium bond interface. 


x 50. (Reduced by 25% upon reproduction) 
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62 Au, i6 Ni BOND 


DIFFUSION ZONE 


OFHC COPPER 


SPECIMEN vVP-i86 


Fig. 8—Microstructure of gold-nickel bond interface. »X 100. 
(Reduced by 20% upon reproduction) 


90 Cu,!O Ti BOND LAYER 


? DIFFUSION ZONE (INTO COPPER LAYER) 


ding process. 

Difficulties were originally en- 
countered in vacuum casting these 
cones due to vaporization of the 
copper when melted in a_ high 
vacuum, and the formation of 
numerous gas cavities in the copper 
adjacent to the tantalum interface. 
Discontinuities or cavities at the 
bond interface could not be tolerated 
if the copper were to function as an 
efficient heat sink for the tantalum 
shell. Figure 3(6) illustrates a cross 
section of a cast bimetal cone 
in which the copper is continuously 
bonded to the tantalum skin. A 
large gas cavity can be seen near the 
center of this casting. 

A technique was worked out to 
overcome these conditions. Prior 
to vacuum casting, the OFHC cop- 
per was vacuum degassed at 1832 
F. The formed tantalum shell was 
vacuum degassed at 2372° F. On 
the casting cycle, the tantalum- 
copper assembly was initially heated 
to 1930° F under a vacuum of 
0.30 micron. At this point, super- 
purity argon was introduced into 
the vacuum chamber to prevent 
volatilization of the copper as the 
temperature was raised to the 
casting range (1981—2350° F). This 
procedure resulted in elimination of 
gas cavities along the tantalum- 
copper interface, and produced con- 
tinuously bonded cone specimens 
for further testing. 

Metallographic examinations of 
the tantalum-copper bond revealed 
excellent wetting characteristics for 
the tantalum with negligible alloying 
or intergranular penetration into 
the tantalum. This characteristic 
is significant in that it allows the 
use of very thin layers of tantalum, 
possibly on the order of 0.010 in., 
without danger of penetration from 
the molten copper during the joining 
cycle. It also results in a ductile 
interfacial zone at the joint (indi- 
cated by microhardness traverses 
across the interface). 

Figures 2 and 3(a) illustrate 
tantalum-copper composites result- 
ing from vacuum brazing and 
vacuum casting, respectively. 


Brazing Alloys for Vacuum- 
braze Cladding 

A total of 49 vacuum-furnace 
wettability tests were conducted 
during this program, using various 
percentages by weight of a number 
of brazing-alloy combinations in an 
effort to determine the optimum 
alloy or alloys for integrally and 
continuously brazing tantalum to 
OFHC copper. The binary, ternary 
and quaternary alloy combinations 
investigated were as follows: Cop- 
per-tin, copper-tin-phosphorus, cop- 
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per-manganese-silver- phosphorus, 
copper-silicon, manganese - nickel- 
silicon, copper-titanium, copper- 
zinc, copper-zirconium, copper- 
magnesium, copper-aluminum, iron- 
boron-silicon, silver-copper-lithium, 
nickel-boron-silicon, silver-manga- 
nese, nickel-chromium-boron-sili- 
con, copper-silver-zinc, gold-nickel, 
silver-copper-zinc-cadmium, _cop- 
per-gold, copper-manganese, cop- 
per-silver-tin, copper-silver-phos- 
phorus, silver-copper-manganese- 
tin, silver-copper-zinc-nickel and 
silver-copper-manganese-nickel. 

These alloys were preplaced in the 
joints using thin foils, powders and 
metallized films. 

Many of the alloys investigated 
gave relatively satisfactory results. 
Some proved unsatisfactory due to 
lack of wettability for tantalum. 
From the standpoint of bond 
strength and ductility, and ability 
to withstand rapidly applied temper- 
atures of around 2000° C (3632° F), 
these three particular alloys proved 
to be most suitable for the applica- 
tion: 92% copper, 8% tin; 82% 
gold, 18% nickel; and 85% silver, 
15% manganese. 

These three alloys are readily 
obtainable from commercial sources. 


Physical and Metallurgical 
Characteristics of Various 
Alloy Bonds 


1. Copper-base Alloys. Due to 
their low cost and metallurgical 
bonding compatibility with OFHC 
copper and tantalum, the copper- 
base alloys were rather extensively 
investigated. Since even minute 
amounts of impurities added to 
OFHC copper greatly decrease its 
thermal conductivity, this work was 
directed toward adding minimum 
amounts of various alloys to lower 
the melting range of the resulting 
brazing alloy to such a degree that 
commercial brazing of the OFHC 
copper (melting point 1981° F) 
would be feasible for continuously 
bonding relatively large areas. Of 
the many alloy combinations tested, 
the 92% copper, 8% tin alloy 
proved most satisfactory from all 
standpoints. This alloy has a melt- 
ing range of 1620 to 1880° F. 
Figure 4 illustrates a cross section 
of the bond produced using this 8% 
tin alloy. Metallurgical studies of 
this dissimilar-metal bond show 
that the thin (0.010-in.) brazing- 
alloy layer diffuses deeply into the 
OFHC copper layer after effecting 
a sound bond with the tantalum. 
This diffusion reduces the _per- 
centage of tin at the bond interface, 
and is expected to result in in- 
creasing the thermal conductivity 


of the bond layer to some degree. 
Composite clad plates produced with 
this brazing alloy exhibited excellent 
results on 180-deg free-bend tests, 
as illustrated in Fig. 5, and were 
successfully deep drawn into speci- 
men nose cones for high-temperature 
testing. Alloys with as high as 15% 
tin also exhibited satisfactory brazed 
interfaces. 


+ 


Studies of the effects of other 
elements added singly or in combi- 
nation to a copper base indicated the 
following general trends: 

(a) Silver: Relatively small 
percentages of silver added to 
lower the melting range of the 
copper showed no marked effect 
on the physical characteristics of 
the copper-base alloy bond. 


85 Ag,!5 Mn BOND ZONE 


Fig. 9—Micrcstructure of silver-manganese bond interface. 


(Reduced by 20% upon reproduction) 


56 Mn, 37 Ni, 5S 
(METALLIZED POWDER) 
BOND ZONE 


OFHC COPPER 


Fig. 10—Microstructure of manganese-nickel-silicon bond interface. 
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TANTALUM 


BOND ZONE 


82 Ni, 7Cr, 4.5 Si, 38, 3Fe 


OFHC COPPER 


Fig. 11—Microstructure of nickel-chromium-boron-silicon-iron bond 


interface. x 100. 


(Reduced by 20% upon reproduction) 
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EFFECTS OF VARIOUS TYPES OF 
BRAZING ALLOYS ON INTERFACIAL 
HARONESSES OF TANTALUM-OFHC 
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Fig. 12—Effects of various general types of brazing-alloy additions on interfacial 
hardnesses of tantalum-OFHC copper cladding 


Fig. 13—Vacuum braze-clad cone speci- 
men after cold drawing from flat plate 


Fig. 14—X-ray photograph of cone 
specimen in Fig. 13 
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(6) Zine: Additions of 15 to 
35% zinc appeared to lower satis- 
factorily the melting range of the 
alloy without markedly affecting 
its wettability for tantalum. How- 
ever, zinc volatilization tended to 
raise the melting temperature during 
brazing. Combinations of zinc and 
silver, and zinc, silver and cadmium 
resulted in poor wetting of the 
tantalum and in porous, weak 
bonds. 

(c) Phosphorus: Phosphorus 
additions showed no marked ad- 
vantage in the vacuum brazing 
of tantalum, although they did not 
appear to affect the bond in small 
amounts. In alloys where it was 
present in quantities of 5°, to 6%, 
segregations occurred in the bond, 
accompanied by poor wetting char- 
acteristics. 

(d) Manganese: The addition of 
14°, manganese lowered the melting 
range of the copper alloy and pro- 
duced a strong, ductile joint; how- 
ever, the bond showed some evi- 
dence of porosity upon metallo- 
graphic examination. 

(e) Silicon: Additions of silicon 
alone, in quantities up to 4%, 
showed solid-solution alloy bonding 
and good wetting characteristics 
with tantalum; however, a mini- 
mum of 4% silicon was required to 
produce a satisfactory melting range 
for copper-silicon brazing of the 
tantalum-copper combination. 

(f) Gold: A 30% gold, balance 
copper, alloy showed excellent wet- 
tability for tantalum, good filleting 


and sound bonding. 

(g) Titanium: Titanium in ad- 
ditions up to 28% resulted in 
excellent wettability and ductile 
brazed joints. Metallurgical studies 
(Fig. 6) revealed the presence of 
TiCu; in the 10% alloy, and Ti,Cu, 
in the 28% alloy. It is of interest 
to observe that although the Cu-Ti 
alloys are quite brittle prior to 
brazing, they develop ductile struc- 
tures during the brazing operation. 

(h) Zirconium: Zirconium ad- 
ditions responded in a manner 
similar to that described for ti- 
tanium in this work, although they 
were difficult to make into homo- 
geneous brazing alloys, and did not 
lower the melting range of the 
copper-zirconium alloy as well as 
did titanium. 

(it) Aluminum: Experimental 
additions of aluminum, in sufficient 
quantities to meet the brazing 
temperature range requirements, re- 
sulted in complete lack of wetting 
for the tantalum in vacuum; there- 
fore no bonds were effected. 

(j) Magnesium: Very small ad- 
ditions of magnesium showed 
marked effects in lowering the melt- 
ing temperature range of the re- 
sulting copper-base alloy. A 1.5% 
magnesium alloy caused deep dif- 
fusion into the OFHC copper layer 
on brazing, wet the tantalum well, 
but showed somewhat inferior bond 
strength on physical tests of the 
composite clad material (see Fig. 7). 

£. Gold-base Alloys. Gold ex- 
hibited excellent wetting and joining 
characteristics with tantalum. The 
82% gold, 18% nickel alloy proved 
one of the three most satisfactory 
alloys from physical and metallurgi- 
cal standpoints in joining tantalum 
to OFHC copper. It produced a 
sound, ductile and strong bond with- 
out excessive alloying and penetra- 
tion of either of the base metals 
(see Fig. 8). 

3. Silver-base Alloys.  Silver- 
base alloys showed varying degrees 
of effectiveness as brazing alloys. 
The silver-copper eutectic alloy 
(plus lithium) showed satisfactory 
bonding characteristics in most 
instances. Alloys with 50 to 60% 
silver showed good results where the 
balance of the alloy was primarily 
copper with smaller additions of 
tin, manganese and nickel. The 
high-silver alloys containing zinc 
in amounts above 5% showed poor 
wetting qualities for the tantalum, 
and resulted in incomplete bonding. 

The solid solution 85% silver, 
15% manganese alloy showed excel- 
lent wetting, filleting and bond 
continuity. Later tests proved it 
to be one of the three most satis- 
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tactory brazing alloys for this appli- 
cation. Figure 9 illustrates the 
sound bonding and relatively deep 
alloying with the OFHC copper 
layer, producing a complex ternary- 
type Ag-Cu-Mn bond. 


4. Manganese-base Alloys. Man- 
ganese alloys with additions of 
nickel and silicon required close 
brazing temperature control.  Al- 
though these alloys showed good 
strengths on physical testing, they 
proved to be of relatively high 
hardness and showed voids at the 
tantalum interface (Fig. 10). 


5. Tron-base Alloys. Some ex- 
perimental brazing was done with 
the lower melting iron-boron-silicon 
alloys. Due to their relatively high 
melting ranges, even under care- 
fully controlled brazing conditions, 
incipient melting occurred in the 
OFHC copper layers of the com- 
posites. The use of these alloys was 
discontinued in this program. 


6. Nickel-base Alloys. Small 
additions of chromium, silicon, iron 
and boron were used in a nickel 
base to reduce the melting range of 
the nickel and to impart strength 
characteristics to the bond. The 
high-nickel content of the filler 
metal resulted in the formation of 
an extremely hard, brittle inter- 
facial alloy with the tantalum. 
This alloy caused microcracking 
transversely across the bond when 
specimens were subjected to bending 
stresses (see Fig. 11). 


Figure 12 illustrates the effects 
of various general types of brazing 
alloys on the microhardness char- 
acteristics of the OFHC copper, the 
tantalum, and across the bond inter- 
faces in the braze-clad plate. The 
effects of nickel content in the 
brazing alloys are especially ap- 
parent. It is of interest to note 
that copper, silver, titanium and 
magnesium generally lowered the 
hardness at the tantalum _inter- 
face. Gold also has this effect: 
however, it is not evident on this 
graph due to the effect of the nickel 
content in the gold-base alloy curve. 


Fabricating and Testing 
Composite-clad Components 
All vacuum-brazed composites 
were produced in flat plate form, 
then cold drawn into cone con- 
figurations. The three brazing al- 
loys selected as optimum for this 
work all proved to have satisfactory 
bond strengths on deep drawing 
(Fig. 13). This photograph illus- 
trates a vacuum-braze clad speci- 
men after deep drawing from a 
flat plate into a test cone. All 
cones were X-rayed after deep 


Fig. 15—X-ray of defective vacuum-cast 


cone 


Fig. 16—Solar furnace, Stanford 
Research Institute 


drawing to evaluate the continuity 
of the tantalum-copper bond. Fig- 
ure 14 is an X-ray photograph 
of the same specimen, showing the 
extreme thinning at the apex of the 
cone and the complete continuity of 
bond throughout the specimen. 

Vacuum-cast specimens, although 
not subjected to forming, were also 
X-rayed to determine the fre- 
quency and positions of voids and , or 
shrinkage cavities in the copper. 
Those which showed voids at the 
tantalum-copper interface, or other 
serious defects, were rejected for 
further testing. Figure 15 is an 
X-ray photograph of a vacuum- 
cast cone, showing a bond separation 
between the tantalum and copper at 
the apex. Such specimens were 
rejected. 


Elevated-temperature Testing 
of Specimens 

An effort was made to evaluate 
the effectiveness of the tantalum- 


OFHC copper heat sink under 
temperature conditions which might 
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Fig. 17—Multijet oxyacetylene high- 
temperature testing furnace 


Fig. 18—Close-up of cone specimen 
in testing position 


GUTE® 


Fig. 19—Cross section of tantalum-copper 
cone after exposure to 3600° F for 1 min 


Fig. 20—Bond interface (82 Au, 18 Ni 
brazing alloy) of tantalum-OFHC copper 
cone after l-min exposure to 3600° F. 
x 100. (Reduced by 40% upon 
reproduction) 
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be encountered in missile flight. 
Cone specimens of vacuum-brazed 
and vacuum-cast clad materials were 
tested by exposure for one or more 
minutes to temperatures on the order 
of 3600° F in ordinary atmospheres. 
(These test conditions were arbi- 
trarily set to form a basis for evalu- 
ation of the reactions of the various 
clad materials to high temperatures. 
The actual temperatures reached by 
a material are a complex function of 
the material selected and the speed. 
Therefore, it is difficult to specify 
test conditions and temperatures 
ee which will simulate actual con- 
ditions. ) 
2 The testing equipment used was of 
three types——the solar furnace, the 
arc-image furnace and the oxya- 
cetylene multiple-jet furnace. 
Because of the high thermal con- 
ductivity of the copper heat sink, 
solar-furnace and arc-image-furnace 
tests failed to yield satisfactory 


high-temperature testing to failure 


data. The hot zone in these tests 
was limited by the characteristics 
of the equipment to an area of 0.60 
cm? diam. This limited coverage 
allowed specimen size to determine 
independently the effects of exposure 
on the tantalum-copper composite. 
In addition, these sources created a 
relatively “‘pure”’ heat without high- 
velocity oxidizing-gas flow, and 
did not represent conditions that 
would be encountered under actual 
flight conditions (see Fig. 16). 

To devise a_ high-temperature 
heat source with wider specimen 
coverage and high-velocity oxi- 
dizing-gas flow, a relatively simple 
multi-jet oxyacetylene furnace unit 
was constructed. This unit pro- 
vided a wide area heat source 
which could be adjusted for area 
coverage by opening or closing a 
pattern of jets (Figs. 17 and 18). 

This equipment provided rapid 
flow of oxidizing gases in excess of 
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3600° F, and proved satisfactory 
for the required testing of tanta- 
lum-copper cone specimens. Tem- 
perature measurements were made 
optically (with corrections for the 
materials sighted upon) either by 
sighting on the outer skin of the 
cone, or by sighting on a zir- 
conia target in the flame. 


Initial high-temperature tests 
were conducted on tantalum-OFHC 
copper clad cone configurations 
using a 1-min exposure at 3600° F 
flame temperature. Figure 19 il- 
lustrates a cross section of a vacuum- 
brazed cone after testing under 
these conditions. This photograph 
shows the soundness and continuity 
of the bimetallic bond layer even 
though the '/,-in. copper heat-sink 
layer had begun to melt and to 
build up in the bottom of the cone. 
The specimen shown here was 
bonded by vacuum brazing with 


Fig. 21—Cross sections of zircon (T-26), zirconia (T-27), and copper-nickel coated Ta-Cu cones after 
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Fig. 22—Comparison of ceramic, metal and uncoated Ta-Cu cone specimens on high-temperature testing 
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an 82% gold, 18% nickel filler 
metal preplaced between the tanta- 
lum and the copper. The micro- 
structure of the bond interface 
after testing is shown in Fig. 20. 
By comparing this photomicro- 
graph with that in Fig. 9, the degree 
of diffusion of the brazing alloy into 
the OFHC copper layer can be seen. 
The hardness of the tantalum 
layer after exposure ranged from 
166 Vickers at the bond interface 
to 383 Vickers at the exposed outer 
surface of the tantalum. Thick- 
ness loss from the original 0.035-in. 
thickness of tantalum was negligible. 
Oxide found on the exposed tan- 
talum surface measured 0.0027 in. 
in thickness and did not visibly 
penetrate the remaining tantalum 
layer. 

Similar tests were conducted on 
vacuum-cast cones. These cones 
withstood the required 1l-min ex- 
posure at 3600° F in oxidizing 
gases as well as did the vacuum- 
brazed cones. 

Following these initial tests, ex- 
perimental protective coatings were 
put on the exposed outer surfaces 
of the tantalum-copper cones, and 
the cones were tested at 3600° F 
and above, until the tantalum shell 
failed. 

Oxidation-resistant electroplated 
metal coatings (copper-nickel, and 
nichrome) showed no improvement 
over the unprotected tantalum sur- 
faces. On the contrary, results 
indicated that these metal coatings 
reacted with the tantalum surface at 
high temperatures, reducing its ef- 
fectiveness as a high-temperature, 
strength-giving shell for this con- 
figuration. 

Ceramic coatings on the outer 
tantalum surface, although they 
craze cracked during high-tempera- 
ture testing, showed varying de- 
grees of improvement over the 
unprotected bimetallic clad cone. 
One specimen protected by a 
sprayed zirconia layer remained 
intact during an exposure of 8 min 
at 3500° F. Another, coated with 
a sprayed zircon layer, remained 
intact for approximately 2 min, 
while the temperature on its exposed 
outer surface varied from 3600 to 
3650° F. 

Figure 21 shows cross sections of 
zircon-coated, zirconia-coated and 
copper-nickel-coated cones of tan- 
talum-OFHC copper, after test- 
ing to failure. The zircon-coated 
specimen failed after 7-min ex- 
posure to 3650° F. The zirconia- 
coated specimen failed after 14-min 
exposure to 3550° F. The copper- 
nickel-coated specimen failed after 
less than 4 min at 3600° F. 

A graphic representation com- 


paring the results of cones with 
various types of protective coat- 
ings and without coatings is 
shown in Fig. 22. These data were 
compiled from temperature and 
time readings taken on the actual 
cone surfaces during exposures to 
flame temperatures above 3600° F. 


Conclusions 

Tantalum and OFHC copper can 
be integrally and continuously vac- 
uum-bonded without loss of duc- 
tility in the tantalum or at the 
bond interface between the two 
metals. 

These bimetal claddings can be 
produced in sizes suitable for in- 
dustrial applications. 

Since this project was initiated 
in May 1957, and completed in 
August 1958, other materials have 
demonstrated their abilities to 
satisfy this application with con- 
siderably less weight than tanta- 
lum-copper clad material. How- 
ever, the metallic heat-sink has 
definite advantages in other appli- 
rations. 

One of the objectives of this 
paper is to point out the _ pos- 
sibilities of applying this heat-sink 
material to industrial applications, 
where severe corrosion and high 
strengths at elevated temperatures 
are factors. Some known appli- 
cations for which this material 
is believed suitable are: 

1. Heat-exchanger tube units, 
where highly corrosive liquids and 
or gases are present at elevated 
temperatures and where heat must 
be extracted rapidly during a con- 
tinuous process. 

2. Large gate valves, where tan- 
talum must be used for corrosion 
protection and where high tempera- 
tures require uniformity of heat 
distribution throughout the valve 


to prevent sticking and leakage 
through warping. 

3. Process applications where 
tantalum must withstand short 


duration applications of high tem- 
peratures which would cause em- 
brittlement of the tantalum if the 
heat were not rapidly and con- 
tinuously withdrawn from the mate- 
rial. 

4. Chemical process ‘‘kettles” 
or containers where outside heat 
must be rapidly and uniformly ap- 
plied over large areas to control 
reactions of highly corrosive chemi- 
cals inside the vessels. 

5. Another promising applica- 
tion—-and one on which some pre- 
liminary work has been done in the 
laboratory—involves combining liq- 
uid or gaseous cooling or heating 
with the heat-sink effects, where 
extremely rapid and continuous 


Fig. 23—Tantalum-OFHC copper heat-sink 
clad plate with brazed-in liquid cooling 
channels 


cooling or heating is desired over a 
longer period of time. Figure 23 
illustrates a tantalum-OFHC cop- 
per heat-sink material with coolant 
channels directly behind the tanta- 
lum skin. This design has the 
ability to remove continucusly heat 
absorbed by the copper heat sink, 
prolonging its effective term of 
operation as a heat sink. This 
technique can also apply to rapid 
introduction of heat into the heat 
sink, coupled with uniform distri- 
bution of heat flux over large areas. 
These are only a few of the pos- 
sible applications for heat-sink 
multimetal claddings. For less cor- 
rosive applications, stainless steels 
or nickel alloys can be used in 
place of the tantalum layer. 
Heat-sink multimetal claddings 
are another new structural material 
which can be made available to 
design and process engineers in the 
aircraft, missile, chemical, petro- 
leum and other industries to solve 
problems involved in producing new 
equipment for new processes. 
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Certain Structural Properties of Ultrasonic Welds 


in Aluminum Alloys 


Data presented indicate that ultrasonic welds have higher 
shear strengths than fusion-type welds in structural aluminum alloys 
in thickness up to about 0.071 in.; are reproducible within narrow strength 


scatter bands; and require less-critical sheet-surface preparation 


BY J. 


synopsis. Ultrasonic welding opens 
new avenues of joint design for struc- 
tural aluminum alloys and requires 
reorientation in the thinking of de- 
sign engineers, stress analysts and 
metallurgists. Ultrasonic welds have 
a completely different metallographic 
structure from resistance or other 
fusion-type welds, demonstrate higher 
shear strengths in structural alumi- 
num alloys thicknesses up to 
about 0.071 in., are reproducible within 
narrow strength scatter bands, and 
require less-critical sheet-surface 
preparation. Design variables of edge 
distance, spot spacing and row spac- 
ing are not significant, permitting 
greater flexibility in joint design than 
has heretofore been possible. 

The direct-stress fatigue strength of 
ultrasonic welds in aluminum alloys is 
superior to that reported for resistance 
welds at maximum loads greater than 
about 1500 lb. At lower loads, ultra- 
sonic welds have a fatigue strength 
equal to or greater than that of resist- 
ance welds. 


Introduction 


During the past 6 or 7 years, ultra- 
sonic welding has been discussed in 
the light of what it is, how it oper- 
ates, the types of equipment avail- 
able; and substantial data have been 
presented with regard to shear 
strength, thickness deformation and 
metallographic characteristics of ul- 
trasonic welds in a variety of mate- 
rials.'~* However, little specific in- 
formation has been provided for the 
design engineer who contemplates 
the use of ultrasonic welding as a 
means for joining structural ele- 
ments. 


J. BYRON JONES and W. C. POTTHOFF are 
associated with Aeroprojects Inc., West Chester, 
Pa 


Paper presented at AWS 40th Annual Meeting 
held in Chicago, Ill., April 6-10, 1959. 
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Recent studies have resulted in 
the accumulation of such data for 
several structural aluminum alloys 
of interest to aircraft and missile 
manufacturers. Quality-control 
standards for ultrasonic welds have 
been established; the importance 
of such design factors as spot spac- 
ing, row spacing and edge distance 
have been delineated; and for the 
first time fatigue tests have been 
made on ultrasonically welded joints 
and the results compared with the 
fatigue strength of similar resistance- 
welded joints. 


Characteristics of Ultrasonic 
Welds in Structural Aluminum 
Alloys 


It should be emphasized that ul- 
trasonic welding is totally unlike the 
better-known fusion, diffusion and 
deformation welding processes. Be- 
cause of certain similarities in 
equipment and in application of 
ultrasonic and resistance welding, 
it is sometimes difficult to appreci- 
ate that the welds are actually very 
dissimilar and cannot always be eval- 
uated by the same yardstick. 

The metallographic differences be- 
tween ultrasonic and resistance spot 
welds in Alclad aluminum alloy are 
strikingly illustrated in Fig. 1. 
The ultrasonic weld is devoid of 
cast structure, even though some 
heat is known to be generated dur- 
ing the welding process. The metal- 
lurgical bond is between the clad- 
ding layers, while the substrate 
layers appear unaffected. There is 
no sheet separation at the edges of 
the bond zone, and thickness de- 
formation (or welding tip indenta- 
tion) is negligible. 

Vibratory welds in the bare alu- 
minum alloys show slightly dif- 


ferent metallographic characteris- 
tics. Depending on the particular 
alloy, there may be marked dis- 
turbance and disruption at the inter- 


Fig. 1—Comparison of metallographic 
structure of ultrasonic and resistance 
welds in 2024-T3 Alclad aluminum alloy. 
Above, ultrasonic weld in 0.050-in. gage; 
below, resistance weld in 0.040-in. gage. 
Keller’s etch, X 12. (Reduced by '/: 
upon reproduction) 


Fig. 2—Metallographic structure of ultra- 
sonic welds in bare structural aluminum 


alloys. Keller’s etch. Above, 0 032-in. 
2024-T3, solution-heat-treated and 
quenched after welding, x 150; below, 
0.040-in. 2014-T6, as welded, x 100. (Re- 
duced by '/, upon reproduction) 
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Fig. 3—Comparison of ultrasonic weld strength with military specifications for 
resistance welds in 2024-T3 Alclad aluminum alloy 


Fig. 4—4000-w ultrasonic spot-type 
welding machine 


facial plane, or the original inter- 
face may be completely obliterated, 
or grain growth or recrystallization 
may occur across the faying sur- 
faces, as in Fig. 2. 

Review of tensile-shear strengths 
for aluminum alloys indicates ul- 
trasonic welds to be superior to re- 
sistance spot welds within the range 
of presently weldable gages (up to 
about 0.071 in.), and it appears that 
extension of the process to heavier 
gage material depends only on in- 
creasing the power-handling capac- 
ity of the equipment. Figure 3 
shows the improved strength ob- 
tainable in 2024-T3 Alclad alumi- 
num alloy by welding with a 4000-w 
rather than a 2000-w system. The 
solid lines indicate the average spot 
strength and the broken lines on 


either side represent 90%, confidence 
limits; i.e., on a statistical basis, 
90° of the weld strengths should 
fall within the range indicated. 
These data reflect the low strength 
variability that can be expected 
with ultrasonically welded alumi- 
num-alloy structures. For com- 
parison, Fig. 3 also includes a curve 
representing minimum average 
strengths required by military speci- 
fications for resistance spot welds 
in the same material. The ultra- 
sonic welds are generally two to 
three times as strong. 

A further advantage of ultra- 
sonic welding over other types of 
metallurgical joining is that sur- 
face preparation is less exacting. 
For Alclad aluminum alloys, it is 
necessary only to remove surface 
grease and oils. Some of the bare 
structural aluminum alloys such as 
2014, 2024, 5086 and 7075 require 
chemical etching or descaling to 
remove heat-treat oxides, but shelf 
life or elapsed time between clean- 
ing and welding is not critical. 


Uitrasonic-welding Equipment 


The experimentation described 
below was carried out with a 4000-w 
ultrasonicspot-type welding machine 
similar to that illustrated in Fig. 4. 
This equipment differs from resist- 
ance units in several fundamental 
respects. Thecontrols are compara- 
tively simple; once the equipment is 
turned on, any type or gage of 
aluminum alloy may be welded by 
adjustment of only three settings 
power, clamping force and’ pulse 
time. Thus, in a production setup, 
the equipment may be easily oper- 


| 


ated by inexperienced personnel. 
In contrast, a_ resistance-welding 
machine may have 25 or more con- 
trols that require adjustment and 
must be handled by a skilled oper- 
ator. 

Furthermore, the power require- 
ments for ultrasonic welding of 
aluminum are substantially less 
than for resistance welding. The 
4000-w unit of Fig. 4, which can 
produce strong welds of integrity 
in 0.071-in. Alclad aluminum alloy, 
uses only about 9 kva from a 230-v 
power line, whereas resistance 
welding of this material requires a 
machine of about 100- to 150-kva 
capacity. Thus expensive power 
installations are not required for 
ultrasonic-welding equipment. 


Weld-quality Control 

Since the use of welding in struc- 
tural applications requires the 
achievement of reproducible weld 
quality in day-to-day operation, 
effort has been expended to control 
the variables resulting from varia- 
tions in welding equipment, dif- 
ferent machine operators, variations 
in material lots and other factors. 
This work involves the use of ma- 
chine-qualification tests similar to 
those utilized in resistance spot 
welding. 

To provide information on the 
day-to-day performance of the ul- 
trasonic spot-type units, sets of 
welds are periodically produced on 
standardized test specimens with 
identical machine settings, and the 
results of tensile-shear tests on these 
specimens are statistically analyzed 
to determine the variance within 
each set, as well as composite vari- 
ance over an extended period of 
time. It should be emphasized 
that the data are randomly ob- 
tained and that, although observed 
causes of gross variations in weld 
quality are remedied, no special 
effort is made to improve control of 
the known variables in the process 
when making such test specimens. 

The early weld-quality studies 
were made by joining '/:- x 2-in. 
tabs of 0.050-in. 2024-T3 Alclad 
aluminum alloy with single weld 
spot, using a power setting of 1700-w 


input to the transducer, 275-lb 
clamping force and 1.5-sec pulse 
time. These are not optimum 


machine settings for this alloy and 
sheet gage but were selected many 
months ago when they were be- 
lieved to approximate the settings 
that would produce maximum weld 
strength. For each set, three speci- 
mens were tested in tensile shear 
and, in general, following the meth- 
ods of the American Standards As- 
sociation, the results were statis- 
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Fig. 5—Typical variance in ultrasonic-weld strength in 0.050-in. 2024-T3 Alclad 


aluminum alloy. 


(Dotted blocks represent 90% confidence intervals for 


individual test gro ups of three specimens each) 


tically analyzed to determine the 
extent of differences as measured 
by the standard error of the mean. 

Characteristic results of these 
weld-quality control tests made on 
several different days are shown in 
Fig. 5. The mean values and 90% 
confidence limits for each set of 
three specimens are shown by the 
circles and dotted lines. The con- 
tinuous horizontal lines represent 
the total variance about the average 
strength over an extended period of 
time. The mean of all tests shown 
is 980 lb, with a 90°% confidence 
interval of +130 lb. As noted, the 


military specification for the mini- 
mum average strength of fusion 
spot welds in the same material 
(using a specimen width of *,, in.) is 
585 Ib. 

Subsequently, a similar series of 
quality-control tests was initiated 
using 0.040-in. 2024-T3 bare alumi- 
num alloy. Standard specimens of 
this material were prepared from 
‘/,- x 4-in. tabs overlapped */, in. to 
provide a total specimen length of 
7'/,in. Operating conditions were 
established at 2400-w power, 700-lb 
clamping force and 1.5-sec pulse 
time. Again, these are not optimum 


settings in the light of current in- 
formation; of particular signifi- 
cance, it has been found that weld 
quality in the structural alloys can 
be improved by using higher power 
and a shorter pulse time (1 sec or 
less). 


Representative results obtained 
with the bare material are shown in 
Fig. 6. It will be noted that weld 
strength and consistency were im- 
proved during the latter part of the 
period represented. In this case, 
the mean of all observations was 
930 lb with a 90% confidence inter- 
val of +60 lb. In view of the fact 
that the welded specimens were 
from random sampling, the welds 
being produced by different opera- 
tors on different days and at differ- 
ent times of the day, it is apparent 
that ultrasonic welds are reproduc- 
ible and that weld quality can be 
maintained without undue effort. 


Control tests of this type are 
routinely used before any welding 
experiment or fabrication is under- 
taken. Ifthe results fall outside the 
confidence limits established over 
an extended period of time, the 
sources of variance are located and 
remedied before actual welding is 
undertaken. 


Further evidence of the repro- 
ducibility of weld quality in the 
structural aluminum alloys is pro- 
vided by the curves in Fig. 7, which 
represent pooled data from both 
2014-T6 and 2024-T3 bare alumi- 
num alloys obtained by different 
operators on different welding ma- 
chines and on different days, but 
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at the same machine settings for 
each of three material gages. The 
scatter of weld strengths was low 
even under such conditions, and the 
90% confidence interval did not 
exceed +50 Ib. 


Joint Design 


In the fabrication of welded pan- 
els by resistance-welding techniques, 
such factors as edge distance, spot 
spacing and row spacing are critical. 
Edge distance must be great enough 
that expulsion, deformation and 
bulging at the edge of the sheet do 
not occur; unless edge distance (as 
measured from the center of the 
weld) is at least 6 times the sheet 
thickness, low and inconsistent weld 
strengths may result.'"° Moreover, 
when resistance spot welds are too 
closely spaced, a portion of the 
welding current is shunted through 
previously made welds, and the 
current loss results in lowered weld 
strength. The recommended spac- 
ing between welds, whether in single 
or multiple rows, is at least 8 times 
the sheet thickness. '’ 


Studies were made in several 
aluminum alloys to determine 


whether the same limitations are 
characteristic of ultrasonic welds in 
the structural aluminum alloys. 
Edge distance, spot spacing and row 
spacing were investigated in the fol- 
lowing aluminum alloys: 2024-T3 


Alclad in gages of 0.032, 0.040, 
0.050 and 0.063 in.; 5086-H34 in 
0.040-in. gage; and 2014-T6 in 


gages of 0.032, 0.040 and 0.050 in. 
For each study, two panels were 
overlapped and joined with either a 
single or double row of ultrasonic 
spot-type welds according to a pre- 
selected spot pattern. Panel sizes 
varied from 4 x 9 in. to 5 x 36 in. 
Welding-machine settings, selected 
on the basis of the best information 
then available, included power set- 
tings in the range of 1200-2400 w, 
clamping loads from 285 to 700 lb, 
and weld pulses of 1.5 to 3.5 sec; as 
previously noted, it is now recog- 
nized that higher quality welds are 
produced at higher powers and much 
shorter pulse times. However, since 
the welding conditions were held 
constant within a given experiment, 
the results are valid for compara- 
tive purposes. After the entire 
panel was welded, it was sheared 
into */,-in. strips which were sub- 
sequently tested in tensile shear. 
For panels joined with a single 
row of spots, edge distance was 
varied from '/; to */, in., and the 
width of the overlap was always 
twice the edge distance. Spot spac- 
ings were varied from */, to '/s in., 
so that each */,-in. test specimen 
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Fig. 7—Randomly obtained pooled data representing ultrasonic-weld strength in 


2XXX series aluminum alloys 
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Fig. 8—Effect of edge distance on ultrasonic-weld strength in structural aluminum 


alloys. 


contained 1, 2, 4 or 6 welds. The 
size of the weld spots was such 
that they began to overlap at a 
spacing of about */;, in. (4 spots per 


(Each symbol represents mean value with 90% confidence limits) 


specimen). 

In the welding of panels with two 
rows of spots, the spots in the second 
row were aligned with those in the 
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first, rather than staggered as is 
customary with resistance welds. 
Row spacing was varied from ',,; to 
'/, in. on a standard */,-in. overlap, 
providing a variation in edge dis- 
tance ranging from °/,, to '/s in. 
Spot spacing within each row was 
either */, or */, in., each */,-in. test 
specimen thus containing 2 or 4 
welds. 


Effect of Edge Distance 


For test specimens prepared from 
all materials and gages and con- 
taining only one weld spot, no sig- 
nificant differences in weld strength 
were observed as a result of edge 
distance within the range of '/,; to 
‘/, in. The representative results 
for both Alclad and bare aluminum 
alloys, presented in Fig. 8, show 
some variation in mean strength at 
different edge distances. However, 
there is no well-defined trend, and 
the differences were determined to 
be not statistically significant by the 
“t” test. 

On the other hand, with specimens 
containing overlapping spots, there 
does appear to be a minimum effec- 
tive edge distance. The upper 
curves for 2014-T6 bare alloy in Fig. 
8 show slightly lower strengths at 
'/, in. than at '/,- or */s-in. edge 
distance. It should be mentioned 
that '/,-in. edge distance does not 
provide altogether satisfactory sup- 
port for the welding tip, which tends 
to slip and produce edge deforma- 
tion; this appears to be more seri- 
ous when the spots overlap than 
when they are discrete and sepa- 
rated. Some strength reduction 
apparently occurs when the bond 
area extends to both sides as well 
as to the edges of a weldment. 

These data indicate that edge 
distance is not as critical as with 
resistance welds. Thus, ultrasonic 
welding can effect weight saving in 
aircraft and missile structures by 
permitting a narrower sheet overlap. 


Effect of Spot Facing 


As the weld-spot spacing de- 
creases, it would be expected that 
the joint strength of a constant- 
width specimen would increase, 
since the number of spots per speci- 
men increases. The magnitude of 
this increase is illustrated in the 
curves of Fig. 9 for two gages each 
of Alclad and bare aluminum alloy. 
Specimens containing only one spot 
per specimen show strengths sub- 
stantially in excess of military speci- 
fications for resistance spot welds. 
The one-spot strength is not doubled 
with two spots per specimen, but 
shows a substantial increase. With 
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Fig. 10—Panel design for fatigue test specimens with diagrams of direction of 
vibratory motion and resulting spot appearance 


overlapping spots, the strength ap- 
proaches the ultimate tensile 
strength of the base-metal tab. 
The relatively low value noted in 
Fig. 9 for 0.050-in. 2014-T6 bare 
material at six spots per specimen 
can probably be attributed to inade- 
quate machine settings used in 
preparing these specimens. More 
recently, welded panels of 2014-T6 
aluminum alloy in 0.050- and 0.063- 
in. gages welded with overlapping 
spots have shown joint efficiencies 
ranging from 80 to 95%. 

Thus, with ultrasonic welds spot 
spacing is no longer an important 
factor in structural design, and the 
spots can be overlapped to obtain 
high-strength, pressure-tight joints 
with no degradation of the physical 
properties of the original sheet 
material. 


Effect of Row Spacing 

Similarly, row spacing is not a 
significant factor in structural de- 
sign. For example, experiments 
with 0.050-in. 2024-T3 Alclad speci- 
mens containing two aligned spots 
per specimen showed average joint 
strengths of 1730 lb for '/;-in. row 
spacing, 1730 lb for '/,-in., and 1800 
Ib for '/.-in. spacing; with 0.032- 
in. gage, the strengths were 860 
Ib for '/s-in., 1030 Ib for '/,-in., 
and 925 Ib for '/.-in. row spacing. 
These variations are not statisti- 
cally significant. 

Thus, as in the case of spot spac- 
ing, rows may be spaced at any de- 
sired distance and may even be 
overlapped with no deleterious ef- 
fect on joint strength, permitting 
further flexibility in designing with 
ultrasonic welding. 
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Fig. 11—Comparison of fatigue strength of resistance spot welds with preliminary 


results for ultrasonic welds in 0.050-in. 2024-T3 


Alclad aluminum alloy 
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Fig. 12—Fatigue strength of ultrasonic and resistance welds in 0.050-in. 2024-T3 


Alclad aluminum alloy 


Fatigue Strength 


Recently, the first direct-stress 
fatigue studies of ultrasonic welds 
were made with the assistance and 
cooperation of the Naval Air Ex- 
periment Station in Philadelphia. 
To permit comparison with the 
fatigue strength of resistance spot 
welds, the test panels were prepared 
to the standard panel design for re- 
sistance-weld fatigue tests, although 
it was recognized that other panel 
designs might be more effective 
with ultrasonic welds. As _illus- 
trated in Fig. 10, each panel con- 
tained seven spot welds arranged in 
two staggered rows, edge distance, 
spot spacing and row spacing being 
selected to meet resistance-weld 
requirements. The test panels were 
fabricated from 2024-T3 Alclad and 
7075-T6 Alclad aluminum alloys, 
and the ultrasonic welds were made 
at machine settings of 2400-w power, 


500-lb clamping load and 1.5-sec 
weld pulse time. 

The tests were performed on a 
15,000-lb-capacity Krouse direct- 
stress fatigue machine. This ma- 
chine utilizes the deflection of an 
elastic load lever as a means of de- 
termining the magnitude of force 
applied to the specimen, the deflec- 
tion of the lever being proportional 
to the load. The force is transmitted 
from the load lever to the specimen 
by means of flexure plates which in- 
duce direct loading on the specimen 
by changing the angular motion of 
the lever to straight-line motion. 
The load lever is actuated by an in- 
finitely variable throw-crank ad- 
justable through all ranges of ten- 
sile and compression loads within 
the capacity of the machine. 

The specimen and holding fixture 
were so arranged that the applica- 
tion of tensile load was axial. The 
axis of the load corresponded to the 


centerline of the specimen and lay 
in the plane of the faying surfaces so 
that the welds were subjected to 
shear stresses induced by a tensile 
load. The specimens were sub- 
jected to approximately 1100 stress 
cycles per minute; during each 
cycle, the load varied from maxi- 
mum to 25% of maximum. 

Preliminary fatigue tests were 
made, as a yardstick for more exten- 
sive testing, on ultrasonically welded 
panels of 0.050-in. 2024-T3 Alclad 
aluminum alloy. Ten specimens 
were tested at maximum loads 
ranging from 3500 to 700 lb. The 
number of cycles withstood by each 
specimen before failure occurred 
provided data for the S-N curve in 
Fig. 11. For comparison, repre- 
sentative fatigue data for resiat- 
ance-welded panels in the same ma- 
terial are included as the second S-N 
curve in Fig. 11. 

These preliminary data indicate 
that, even with the weld-spot pat- 
tern used, ultrasonic welds have a 
greater endurance strength than 
resistance welds at the higher loads, 
i.e., at maximum loads greater than 
about 2000 lb. For example, at 
3000-lb load, resistance welds failed 
after 5500 cycles, while ultrasonic 
welds withstood 13,000 cycles. In 
the high-cycle, low-load range, both 
types of welds showed approxi- 
mately the same fatigue strength, 


with resistance welds apparently 
slightly superior in these initial 
tests. 


The formal fatigue-test program 
involved panels ultrasonically 
welded with two different orienta- 


tions of welding tip excursion. Pre- 
vious discussions have mentioned 


that ultrasonic-welding systems in- 
troduce shear vibration in the plane 
of the sheets being welded. In the 
case of panel specimens, this mo- 
tion can occur in either the longi- 
tudinal or the transverse direction, 
as illustrated in Fig. 10, and the 
surface marks left by the welding 
tip usually show the depicted lack 
ofsymmetry. Metallographic study 
has revealed similar lack of sym- 
metry in the deformation at the 
interface. 

Four groups of test panels were 
prepared, using 2024-T3 and 7075 
T6 Alclad aluminum alloys, one 
group of each welded in the trans- 
verse direction and one group of 
each in the longitudinal direction. 
The resulting test data are pre- 
sented in the form of S-N curves in 
Figs. 12 and 13. The S-N curve for 
resistance welds in the 2024-T3 
material is included in Fig. 12, but 
similar data were not available for 
the 7075-T6 alloy. Fatigue 
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strengths at 8 x 10° cycles, deter- 
mined by noting from the S-N 
curves the highest load withstood 
by each group of specimens, were as 
follows: 


Conclusion 


The data here presented indicate 
that ultrasonic welding can be ef- 
fectively used in designing aircraft 


Fatigue strength 
at 8 x 10° cycles, 


Material Type of Weld Ib 
2024-T3 Alclad Ultrasonic-longitudinal 1000 
Ultrasonic-transverse 900 
Resistance 850 
7075-T6 Alclad Ultrasonic-longitudinal 950 
Ultrasonic-transverse 800 


The results for 2024-T3 Alclad 
aluminum alloy in Fig. 12 generally 
confirmed the results of the pre- 
liminary tests and were even more 
favorable to ultrasonic welds. In 
this material and even with the 
staggered-spot pattern, ultrasonic 
welds are markedly superior to 
resistance spot welds in the high- 
load, low-cycle range, and they are 
at least as good as resistance welds 
in the low-load, high-cycle range. 
For example, at 3000-lb maximum 
load, resistance welds failed after 
5500 cycles, while ultrasonic welds 
failed after 22,800 cycles for longi- 
tudinally formed welds and after 
39,900 cycles for transversely formed 
welds. The differences at about 
1000-lb maximum load did not ap- 
pear to be significant. 

The S-N curves for 7075-T6 Al- 
clad aluminum alloy (Fig. 13) are 
slightly below those for the 2024- 
T3 alloy in the medium load-cycle 
range, but are not essentially dif- 
ferent in the high and low ranges. 
However, because of lack of com- 
parable data for resistance spot 
welds in the 7075-T6 material, no 
conclusions can be drawn from these 
results. 

Data for transversely vs. longi- 
tudinally formed welds are incon- 
clusive in these tests, although the 
transverse welds appear to be 
slightly superior in the medium 
load-cycle range. 

It should again be emphasized 
that the weld pattern used in the 
preparation of these specimens was 
one which is favorable to resistance 
welds. The bond-zone characteris- 
tics of ultrasonic welds and the 
joint-design data previously dis- 
cussed suggest that a welding pat- 
tern can probably be developed to 
avoid the stress concentrations in 
the standard resistance-weld speci- 
mens. Under such conditions the 
superiority of ultrasonic welds in 
fatigue strength may be even greater 
than is evident in the curves of 
Figs. 12 and 13. 
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Fig. 13—Fatigue strength of ultrasonic welds in 0.050-in. 7075-T6 Alclad aluminum alloy 


and missile structures of aluminum 
alloys in sheet thicknesses up to 
about 0.071 in. Quality-control 
standards have been established 
to permit machine-qualification tests 
before welding is initiated. The 
process imposes no particular limi- 
tations on joint-design variables 
such as edge distance, spot spacing 


and row spacing. In addition 
to reproducibly higher shear 
strengths, ultrasonic welds are 


superior to resistance welds in fa- 
tigue strength under high loads, 
an advantage that appears to be 
significant to missile structures. 
Under low loads, ultrasonic welds 
have a fatigue strength at least as 
great as that of resistance welds. 
With suitably modified joint design, 
it may be established that the 
fatigue strength of ultrasonic welds 
is even greater than was demon- 
strated in these initial tests. 
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An Evaluation of the Diffusion-Bonding 
Characteristics of Zircaloy-2 


Experiments aimed at joining Zircaloy-2 


components by a diffusion-bonding technique show that copper, 


nickel, nickel-phosphorus, manganese and silicon 
are the most promising diffuser elements 


BY W. FEDUSKA 


SYNOPsIS. Ten promising diffuser ele- 
ments were used in experiments aimed 
at joining Zircaloy-2 components by a 
diffusion-bonding technique. Copper, 
nickel, nickel-phosphorus, manganese 
and silicon appear most favorable for 
this purpose. 


Introduction 
Zircaloy-2 is a zirconium-base alloy 
containing, in weight percentages, 
1.5% tin, 0.12% iron, 0.10% chro- 
mium and 0.05% nickel.! This alloy 
possesses good resistance to hot- 
water (360° C) corrosion and is 
relatively transparent to thermal 
neutrons. For these reasons, Zirca- 
loy-2 has been used for a fuel- 
element cladding in _pressurized- 
water reactors. 

Zircaloy-2 can be fabricated into 
a variety of shapes which must, 
oftentimes, be joined to produce 
reactor components. Usually, these 
components can be assembled by 
welding techniques. These meth- 
ods, presented elsewhere,’ are cap- 
able of producing joints which are 
both sound and resistant to cor- 
rosion in 360° C water of a pres- 
surized-water reactor. They should 
be utilized where possible in joining 
Zircaloy-2 sections. However, 
joints, especially of fuel-element 
assemblies, may be so inaccessible or 
geometrically complex that they 
cannot be welded. To joint these 
assemblies, high-temperature alloy 
brazing may be employed. Experi- 
mental brazing alloys which have 
been used in _ joining Zircaloy-2 
sections vary from aluminum-base 
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to zirconium-base materials.* Un- 
fortunately, joints which are pro- 
duced by brazing may be lacking 
either in strength, ductility or in 
resistance to hot-water corrosion. 
Therefore, an alternative technique, 
potentially capable of bonding com- 
plex joint geometries and rendering 
them hot-water corrosion resistant, 
is desirable. 

Diffusion bonding is an _ alter- 
native technique for joining Zir- 
caloy-2 components. In this tech- 
nique, a diffuser element is pre- 
placed on one or both faying 
surfaces which are to be joined and 
the assembled components are 
heated to a suitable bonding tem- 
perature for a predetermined time. 
At this temperature, diffusion bond- 
ing occurs. During the bonding 
reaction, the diffuser element may 
migrate from the interface into both 
Zircaloy-2 segments and remain in 
solid solution in the Zircaloy-2 
while the zirconium atoms may 
migrate in both directions across 
the interface. Sometimes the re- 
action of a particular diffuser ele- 
ment with Zircaloy-2 may result 
in the formation of a_ eutectic 
composition. This liquid eutectic 
then serves as a “brazing alloy,” 
by flowing into and filling the joint 
interface. Then diffusion bonding 
proceeds, with interdiffusion of zir- 
conium and diffuser-element atoms 
occurring across the _liquid-solid 
interface. 

The resultant interface structure 
should consist essentially of a dilute 
solid-solution alloy of the diffuser 
element in zirconium. Such a 
joint composition should exhibit 
hot-water corrosion resistance and 
physical properties approaching 
those of the Zircaloy-2 material. 
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Fig. 1—Zircaloy-2 diffusion-bonding 
sandwich test specimen 


Table 1—Diffuser-element, Atomic- 
size and Therma! Neutron 
Absorption Data 


Approximate 
neutron cross 
Atomic section in 
Diffuser radius, A‘ barns, at 
element at R. T. En-0.025 ev® 
Nickel 1.25 4.50 
Chromium 1.28 3.10 
Iron 1.28 2.46 
Tin 1.58 0.71 
Silicon 1.17 0.17 
Phosphorus 1.09 0.15 
Aluminum 1.43 0.23 
Manganese 1.12 12.80 
Copper 1.28 3.66 
Zinc OR 1.10 
Zirconium 1.60 0.22 


Realizing the need for such a 
bonding technique, Westinghouse 
Atomic Power Department re- 
quested that the author’s depart- 
ment conduct an exploratory pro- 
gram, aimed at evaluating the 
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Table 2—Test Data on Zircaloy-2, Precoated Wettability Specimens 


diffusion-bonding characteristics of 
Zircaloy-2. In this paper, the 
findings of this investigation are 


Stable presented. 
Lowest-melting zirconium 
eutectic of Zr- Maximum Time at phase at Aspects of Diffusion 
Diffuser diffuser-element diffusion temperature, diffusion Bonding Zircaloy-2 
Run element system,?°C temperature, °C min temperature of thes element 
Z-2 Nickel 961 1100 1 Beta for bonding Zircaloy-2 was limited 
Z-4 Chromium 1280 1330 1 Beta to only those elements possessing 
Z-6 Iron 934 985 1 Beta relatively low thermal-neutron-ab- 
Z-10 Silicon 1355 1400 1 Beta sorption cross sections and rel- 
Z-12 Aluminum 1350 1300 1 Beta atively small atomic radii. Orig- 
Z-14 Manganese 1135 1185 1 Beta inally, diffusion-bonding studies 
Z-16 Copper 885 935 1 Beta were initiated by employing ele- 
ments, present in Zircaloy-2, as 
diffuser elements. These elements 
are nickel, chromium, iron and 
Table 3—Test-Run Data on Zircaloy-2 Diffusion-sandwich Specimens 
Lowest 
melting 
eutectic Approxi- Average 
of Zr- Maximum Stable Zr mate _ diffusion 
diffusion- diffusion Time phase at Visible timeat_ rate, for 
element temper- temper- diffusion depthof temper- bonding 
Diffuser systems,? ature, ature, temper- Sandwich penetra- ature, cycle, 
Run element °C *¢ min ature location tion, in. sec ipm Remarks 
Z-18 Nickel 961 1010 2 Beta Taper region 0.0096 240 0.0024 
Edge of taper 0.0102 240 0.0026 
region 
Z-19 tron 934 980 2 Beta Taper region 0.0052 265 0.0012 
Edge of taper 0.0025 265 0.0006 
region 
Mid-region of _Indeter- 265 
joint minate 
Z-21 Aluminum 1350 710 2 Alpha ; 50° C above the 
melting tem- 
perature of the 
diffuser ele- 
ment 
Z-23 Copper 885 935 2 Beta Taper region 0.0094 195 0.0029 
, Edge of taper 0.0094 195 0.0029 
region 
x Mid-region of 0.0063 195 0.0020 
joint 
Z-24 Zinc 1015 810 2 Alpha 50° C below a 8 
Zr transforma- 
tion 
‘ Z-25 Tin 1590 810 2 Alpha 50° C below a — 8 
Zr transforma- 
tion 
7 Z-26 Nickel- ? 930 2 Beta Edge of taper 0.0048 157 0.0018 
phosphorus region 
Mid-region of 0.0061 157 0.0023 50°C above eutec- 
a joint tic temperature 
of Ni-P system 
Z-27 Chromium 1280 1310 2 Beta Taper region 0.0014 169 0.0005 
Edge of taper 0.0022 169 0.0008 
region 
Mid-region of Indeter- 169 
joint minate 
Z-28 Manganese 1135 1185 2 Beta Edge of taper 0.0055 198 0.0017 
region 
Mid-region of Indeter- 198 
joint minate 
Z-29 Silicon 1355 1405 2 Beta Taper region 0.0070 229 0.0018 
Edge of taper 0.0054 229 0.0014 
region 
Mid-region of Indeter- 229 
joint minate 
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tin. Following these tests, other 
diffusion-bonding tests were tried 
in which elements not present in 
Zircaloy-2, but 


possessing rel- 


Fig. 2—Interface reactions of nickel and 
chromium with Zircaloy-2 wettability 
plates. Etched in HF-HNO,-H.O. Arrows 
indicate plane of the liquid-solid interface. 
250. (Reduced by '/; upon reproduc- 
tion.) A. Run Z-2. Nickel reaction with 
Zircaloy-2 at 1100°C. B. Run Z-4. Chro- 
mium reaction with Zircaloy-2 at 1330° C 


A B 


Fig. 3—Interface reactions of iron, silicon, aluminum, manganese and copper with Zircaloy-2 wettability plates. 
(Reduced by '/; upon reproduction.) A. Run Z-6. 


plane of liquid-solid interface. 


250. Etched in HF-HNO,-H.O. 


atively low  thermal-neutron-ab- 
sorption cross sections and rela- 
tively small atomic radii were 
utilized as diffuser elements. Silicon 
and phosphorus occur in this cat- 
egory. In another group, diffusion- 
bonding tests were run in which 
elements, having relatively low-to- 
moderate thermal-neutron-absorp- 
tion cross sections and atomic radii 
smaller than the zirconium atom, 
were used as diffuser elements. 
Aluminum, manganese, copper and 
zine occur in this group. In Table 
1, atomic radii and thermal neutron 


absorption data have been pre- 
sented for these elements. 
\ 


A. Tungsten-arc light 


C. Polarized light 


Run Z-24. Equiaxed grains of a-phase re- 
tained when Zircalcy-2 was heated at 810° C 


Materials 
Zircaloy-2 plates, '/s-in. thick by 
1 in. square, were used in 


wettability tests to evaluate the 
nature of the reaction of the 
Zircaloy - 2 diffuser - element 
system. Later, to simulate actual 
diffusion-bonding conditions, dif- 
fusion sandwich-test specimens of 
Zircaloy-2 were machined to the 
dimensions indicated in Fig. 1. 
Metal powders, of. greater than 
99 wt-% purity, were obtained of 
all the diffuser elements. 


Procedure 
One face of each wettability-test 


B. Tungsten-arc light 


D. Polarized light 


Run Z-18. Acicular grains of transformed 
beta, formed by heating to 1010° C and rap- 
idly cooling to room temperature 


Fig. 4—Grain structures produced in Zircaloy-2 by the diffusion-bonding experiments. 


Etched in HF-HNO,-H.O. 100. 


C 


(Reduced by ! 


upon reproduction) 


Arrows indicate the 
Iron reaction 


with Zircaloy-2, at 985°C. B. Run Z-10. Silicon reaction with Zircaloy-2, at 1400°C. C. Run Z-11. Aluminum reaction with Zircaloy-2, 


at 1300°C. D. Run Z-14. Manganese reaction with Zircaloy-2, at 1185° C. 


E. Run Z-16. Copper reaction with Zircaloy-2, at 935° C 
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specimen was polished to a No. 1 
metallographic paper finish. Each 
sample was degreased and its pol- 
ished surface was painted, by using 
a mixture of the diffuser-element 
powder in a carrier (thermoplastic 
compound in an organic solvent). 
The coated specimen was then 
positioned horizontally within a 
vycor tube. The vycor tube was 


A. Run Z-18. Nickel reaction with 
Zircaloy-2 at 1010°C. End-of-taper region 


C. Run Z-19. 
at 985° C. 


reaction with Zircaloy-2 
End-of-taper region 


sealed and was evacuated to about 
0.054 of mercury pressure, prior 
to running the wettability tests. 
Heating time to the preselected, 
maximum diffusion temperature was 
about 2 min, while the holding time 
at the temperature was 1 min. 
The maximum diffusion tempera- 
ture was selected at 50° C above 
the lowest-melting eutectic of the 


B. Run Z-21. Aluminum reaction with 
Zircaloy-2 at ~710° C. Near end-of-taper 
region 
i 
D. nZ-19. lron reaction with Zircaloy-2 


at gs C. Midregion of joint 


Fig. 5—Interface reactions of nickel, aluminum and iron with Zircaloy-2. 
(Reduced by '/; upon reproduction) 


Etched in HF-HNO,-H.O. X 100. 


A. Near end-of-taper region 


D. Midregion of joint 
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B. End-of-taper region 


reproduction.) Run Z-23 


i Fig. 6—Interface reaction of copper with Zircaloy-2 at 935° C. 
Etched in HF-HNO;-H.0O. 100. (Reduced by '/; upon 


zirconium diffuser-element system. 
The cooling rate from brazing 
temperature to 800° C was about 
75-100° C per minute. Below 
this temperature the cooling rate 
decreased. In Table 2, test data 
have been summarized on the pre- 
coated wettability specimens. 

Sandwich-test specimens of Zir- 
caloy-2 were prepared to deter- 
mine the nature and extent of the 
actual diffusion-bonding reactions. 
The faying faces of each test speci- 
men were polished to a No. 1 
metallographic paper finish. Then 
the specimen sections were de- 
greased and assembled, as shown 
in Fig. 1. Zirconia-coated Nichrome 
wires were used to hold the speci- 
men halves together. After this 
assembly operation, powder of the 
diffuser element was packed securely 
into the taper region of the sandwich 
specimen. The prepared specimen 
was then positioned in the same 
manner and in the same apparatus, 
as described for the wettability 
tests. 

To minimize the amount of 
diffuser element which would be 
present at the interface, the speci- 
men faying faces were set at ‘“‘zero,”’ 
or contact clearance. Upon heating 
the specimen to bonding tempera- 
ture, the diffuser element would 
react with the zirconium and a 
liquid eutectic would be formed. 
This liquid would then flow into 
the joint. In this manner, a 
minimum amount of the diffuser 
element would be preplaced in the 


C. Joint interface near 
end-of-taper region 


: 
f 3 
te “A t 
‘ 
P 
‘ 
in 


Ditfusion- 
bonding 
temperature, 

Run Element °C 

Z-18 Ni 1010 
Z-19 Fe 980 
Z-21 Al 710 
Z-23 Cu 935 
Z-24 Zn 810 
Z-25 Sn 810 
Z-27 Cr 1310 
Z-28 Mn 1185 
Z-29 Si 1405 


Table 4—Solubilities of Diffuser Elements in Zirconium? 


Solubility limit 


Stable Zr diffuser element 
phase at in Zr at bonding 
bonding temperature, 
temperature wt-%" 
Beta ~2.5 
Beta ~5.0 
Alpha ~0.5 
Beta ~2.0 
Alpha ~17.0 
Alpha ~4.0 
Beta ~4.0 
Beta ~6.0 
Beta <1.0 


Equilibrium 
transformation 
products, 
Solubility limit Zr end of 
diffuser element binary 
in Zr at room tem- diagram, 
perature, wt.-%" 
—0.0 a Zr + Zr,Ni 
<0.5 a Zt + Fe.Zr 
< 1.0 a Zr + Zr,Al 
—0.0 a Zr + 
—0.0 a Zr + ZrZn (y) 
<1.0 a Zr + Zr,Sn 
—0.0 a Zr + ZrCr 
—0.0 a Zr + 
—0.0 a Zr + Zr,Si 


joint, prior to the diffusion-bonding 
reaction. Heating and cooling rates 
used on the sandwich-test speci- 
mens were approximately the same 
as used on the wettability tests. 
However, the holding time at tem- 
perature was increased to a total of 
2 min for the sandwich-test speci- 
mens, to permit the liquid phase to 
flow into the joint and react with 
the base metal. 

In sandwich-test runs with alumi- 
num, zine and tin, the maximum 
diffusion temperature was purposely 
selected below the lowest-melting 
eutectic of the zirconium-diffuser- 
element system, but above the 
diffuser-element melting tempera- 
ture. At these temperatures, evalu- 
ation of diffusion reactions with alpha 
zirconium could be made. In 
Table 3, test-run data on Zircaloy-2 
sandwich-test specimens have been 
listed. 

After both the wettability tests 
and the diffusion-bonding sandwich 
tests, a microscopic examination 
of the joint-interface regions was 
made to ascertain the nature and 
extent of the diffusion reactions. 
Also a microhardness survey was 
made of the interface regions of the 
sandwich-test specimens and these 
data were compared with micro- 
structural-diffusion reaction data. 


Results and Discussion 

The results of the microscopic 
examination are presented in Figs. 
2through 8. The microstructures of 
all Zircaloy-2 specimens were re- 
vealed by using an etchant which 
consisted of 5-8 drops of HF, 
50 ml of HNO; and 50 ml of H.,0. 

In wettability-test runs Z-2 (Zr- 
Ni), Z-10 (Zr-Si), Z-14 (Zr-Mn) and 
Z-16 (Zr-Cu), the presence of an 
excessive amount of diffuser element 
has resulted in precipitation of 
excessive amounts of intermetallic 
compounds in the Zircaloy-2 base 


* Approximated from binary-phase diagram of particular system. 


Table 5—Examples of Microhardness Data Obtained on 
Diffusion-bonded Interface Structures 


Knoop hardness data were obtained, at 0.001 in. intervals, by traversing from the end- 
taper region into the base metal (a), from the interface into the base metal at a location 
near the taper edge of the specimen (b) and from the interface into the base metal ata 


location near the central region of the joint (c). 


Readings were obtained at 0.05-kg load. 


See figure below for reading position numbers 


Test Hardness, Test Hardness, 
Run combination Position KHN Run combination Position KHN 
Z18 Ni-Zircaloy-2 bl 185 Z19 Fe-Zircaloy-2 bl 274 

b2 403 b2 296 
b3 145 b3 285 
b4 191 b4 263 
b5 204 b5 263 
b6 204 b6 322 
b7 204 b7 253 
b13 145 b8 219 
b14 149 b13 149 

b14 174 
cl 191 cl 127 
c2 185 c2 227 
c3 185 c3 191 
c4 168 c4 226 
c5 127 c5 212 
c6 163 c6 191 
c7 130 c7 179 
c8 141 c8 154 
145 cl3 212 
cl4 219 cl4 235 
HARDNESS TRAVERSE LOCATIONS 

NUMBER 
13 


SAMPLE CROSS SECTION 


metal (see Figs. 2a, 36, 3d and 3e). 
The excessive amount of these 
diffusion reactions suggested that 
a new test sample was needed 
which would more closely simulate 
diffusion reactions produced under 
actual bonding conditions. For 


this reason, the diffusion sandwich- 


test specimen was introduced and 
utilized for the remainder of the 
experiment. Wettability-test runs 
had not been attempted with zinc 
and tin when this decision was 
made. 


In Figs. 5 through 8, micro- 
structures of the Zircaloy-2 dif- 
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fusion-bonded sandwich-test speci- 
mens have been presented. Inter- 
face structures are shown either in 
the sample taper region or in the 
central region of the joints. 


Nature of the Reactions of the 

Diffuser Elements with Zircaloy-2 
Generally, all the diffuser ele- 

ments exhibit considerable solubility 

in the alpha or beta zirconium 

phases at the particular bonding 


A. End-of-taper region 


temperature. In Table 4, data 
are presented which indicate the 
solubility limits, in zirconium, of 
the various diffuser elements for 
both bonding temperature and 
room temperature. cool- 
ing down the Zircaloy-2 to room 
temperature, the solubility of all 
of these elements in zirconium 
decreases to nearly zero. Con- 
sequently, Zr.M, compound phases 
were found precipitated out-of-solu- 


B. Mid-region of joint 


Run 2-26. NiP reaction with Zircaloy-2 at 930° C 


fe 


~ 

> 


Ate, 


C. End-of-taper region 


3 

j aa 

4 

i 
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D. Mid-region of joint 


Run Z-27. Chromium reaction with Zircaloy-2 at 1310° C 


Fig. 7—Interface reaction of NiP and chromium with Zircaloy-2. 
(Reduced by '/; upon reproduction) 


Etched in HF-HNO,-H.O. X 100. 


A. End-of-taper region 


4 
is 


B. Mid-region of joint 


Run 2-28. Manganese reaction with Zircaloy-2 at 1185° C 


C. End-of-taper region 


% 


D. Mid-region of joint 


Run Z-29. Silicon reaction with Zircaloy-2 at 1405° C 


Fig. 8—Interface reactions of manganese and silicon with Zircaloy-2. 
Etched in HF-HNO;-H.O. Xx 100. (Reduced by '/; upon reproduction) 
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tion from the zirconium matrix at 
room temperature. These precipi- 
tated phases served as an approxi- 
mate indication of the extent of 
diffusion which had occurred during 
a particular test. 

In Fig. 4, representative grain 
structures in the Zircaloy-2 base 
metal produced by heating below 
and above the alpha-to-beta trans- 
formation temperature (862° C 
for pure zirconium) are illustrated. 
An unidentified second phase is 
evident in both of these base-metal 
structures. 

Diffusion of elements into Zir- 
caloy-2 may be treated as diffusion 
into zirconium. Diffusion into 
alpha-zirconium phase must have 
occurred by an _ incipient-volume- 
diffusion mechanism. No grain- 
boundary diffusion or reaction prod- 
ucts prevailed in runs Z-21 (Zr-Al), 
Z-24 (Zr-Zn) and Z-25 (Zr-Sn), 
which were conducted in the alpha- 
zirconium phase. Grain-boundary 
diffusion by the diffuser elements 
into the beta-zirconium phase could 
not be positively ascertained, since 
the cooling rate from bonding 
temperature and/or alloying re- 
sulted in a untransformed, acicu- 
lar alpha prime’ structure at the in- 
terface regions. 

In run Z-10 (Zr-Si), a _ gross- 
volume-diffusion reaction is evi- 
denced by the acicular-phase for- 
mation near the surface of the speci- 
men (see Fig. 3c). This reaction 
was not evidenced in the sandwich- 
test specimen, in which minute 
amounts of silicon were used for 
diffusion bonding. For run Z-16 
(Zr-Cu), complete base-metal pene- 
tration, by the excessive amount of 
copper which was preplaced on the 
sample, occurred and copper-rich 
phases formed in the Zircaloy-2 
base metal (see Fig. 3e). 

In other diffusion-bonding tests 
with nickel (Z-2, Z-18), iron (Z-6, 
Z-19), copper (Z-23), chromium 
(Z-4, Z-27), manganese (Z-14, Z-28 
and silicon (Z-29), volume diffusion 
into beta-zirconium phase appar- 
ently occurred. Upon cool-down 
from the bonding temperature, acic- 
ular alpha-prime and _ beta-zirco- 
nium phases appeared at the inter- 
face region. Excess diffuser element, 
in solution in the beta-zirconium 
phase at bonding temperature, pre- 
cipitated out of solution from the 
beta zirconium as Zr.M, _inter- 
metallic compound, upon cool-down 
to room temperature. 

In Table 4, the equilibrium trans- 
formation products have been listed, 
which form at the zirconium-rich 
end of binary diagrams with the 
diffuser-elements. The precipitated 


4 
SA 
3 


compound which formed was re- 
jected both to the beta-zirconium 
grain-boundary regions, as well as 
within the grains, for these tests 
(see Figs. 3, 5, 6, 7 and 8). In an 
“ideally bonded’’ specimen, the 
amount of diffuser element should 
be controlled within its solubility 
limit in zirconium so that, upon 
diffusion, only a solid-solution inter- 
face would be produced. Such a 
structure might be expected to 
exhibit resistance to hot-water cor- 
rosion approaching that of Zircaloy- 
2. Runs Z-19 (Zr-Fe), Z-27 (Zr- 
Cr), Z-28 (Zr-Mn) and Z-29 (Zr-Si) 
exhibited localized interface regions 
where “ideal’’ diffusion bonding 
had occurred (see Figs. 5d, 7d, 
86 and 8d). 


Approximate measurements of the 
diffusion-reaction zones of the pho- 
tomicrographs were made at 100 
diam magnification. These meas- 
urements are summarized in Table 
3. The decreasing order of diffusion 
rates into Zircaloy-2 by the dif- 
fuser-elements, for theduration ofthe 
diffusion-bonding test cycles was as 
follows: copper (0.0029 ipm), nickel, 
nickel-phosphorus, silicon, manga- 
nese, iron and chromium (0.0005 
ipm). No apparent diffusion into 


alpha-zirconium phase occurred in 
diffusion sandwich-test runs Z-21 
(Zr-Al), Z-24 (Zr-Zn) and Z-25 
(Zr-Sn). 

To substantiate the microstruc- 
tural observations, a microhardness 
survey was made of the diffusion 
sandwich-test specimens. However, 
the data did not agree exactly with 
the microstructural diffusion data. 
The deviation may be due to the 
insensitivity of the test, even at 
very low load (0.5 kg), in detecting 
discrete changes in hardness, as 
might be produced by the diffusion 
reactions in these specimens. Ex- 
amples of the microhardness data 
which were obtained are presented 
in Table 5. 


Conclusions 

The ability of various elements 
to diffusion bond Zircaloy-2 was 
determined by microscopic exam- 
ination. Aluminum, chromium, 
copper, iron, manganese, nickel, 
nickel-phosphorus, silicon, tin and 
zinc were used as diffuser elements. 
From the relatively short-time test 
data, the following conclusions were 
obtained: 

1. Diffusion bonding represents a 
possible technique for joining Zir- 
caloy-2 components. 


2. The decreasing rate of penetra- 
tion, of diffuser-elements with beta- 
zirconium phase, was as follows: 
copper, nickel, nickel-phosphorus, 
silicon, manganese, iron and chro- 
mium. 

3. No apparent diffusion into 
alpha-zirconium phase occurred 
when aluminum, tin and zinc were 
used as diffuser elements. 

4. Average diffusion penetration 
rates into zirconium, for the dura- 
tion of the test cycles, varied from 
about 0.0005 ipm for chromium to 
about 0.0029 ipm for copper. 
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RESEARCH NEWS 


Titanium Alloys 


Pilot Production, Fabrication and 
Evaluation of Promising Titanium 
Alloys. F. A. Crossley, B. R. 
Rajals and D. W. Levinson, Illinois 
Institute of Technology for Wright 
Air Development Center, U. S. Air 
Force. March 1958. 46 _ pages. 
(Order PB 131978 from OTS, U. S. 
Department of Commerce, Wash- 
ington 25, D. C., $1.25.) This re- 
port concerns the fabrication and 
evaluation of approximately 300 lb 
of Ti—7Al—3Mo alloy which was 
distributed to various jet-engine 
manufacturers. One manufacturer 
reports success in producing 140 
J-57 T7th-stage compressor blades 
from 70 lb of hot-roiled, centerless- 
ground bar. The endurance limit 


for these blades bench-tested at 


room temperature under completely 
reversed stress was 75,000 psi, 5000 
psi higher than Ti 6Al — 4V alloy 
blades of the same configuration. 
The manufacturer reported that 
there were no difficulties encount- 
ered in processing the alloy and 
that it was not susceptible to oxygen 
contamination during processing. 
The tensile properties of the finished 
blade were also reported as superior. 
Another manufacturer produced 
wire in sizes down to 0.02 in. diam 
from the alloy in °/3-in. diam rods. 
Methods used in the preparation of 
the alloy are described. Results of 
other evaluations are included. 


Development of a Weldable Tita- 
nium-Base Alloy of Medium Strength. 
J. P. McAndrew and D. W. Levin- 
son, Illinois Institute of Technology 
for Wright Air Development Center, 
U. S. Air Force. June 1958. 33 
pages. (Order PB 151214 from 
OTS, U. S. Department of Com- 
merce, Washington 25, D. C., $1.) 
This is a report of research to find a 


titanium-base sheet alloy having a 
minimum room-temperature tensile 
yield strength of 130,000 psi, which 
would be weldable without requir- 
ing a post-welding heat treatment to 
restore ductility or strength. These 
alloys were prepared and evaluated: 
Ti — 13Sn — 10Zr, Ti — 13Sn — 10Zr 

2Al, Ti-—20Zr-4Al, Ti-—22Mo 

8Mn, Ti — 17.5Mo — 10Mn, and Ti 

22Mo—-8Mn~-3Cr. These com- 
positions were selected primarily 
from strength considerations and, 
secondly, in the hope that the first 
three would be all-alpha and the last 
three all-beta alloys. Alloys con- 
taining molybdenum were unsatis- 
factory. Of the three alpha alloys, 
Ti — 13Sn — 10Zr — 2Al was margin- 
ally acceptable, but showed sensi- 
tivity to thermal history. The 
strengths of the other two alpha 
alloys were lower than desired, and 
both were sensitive to thermal his- 
tory. The report suggests that Ti 

13Sn —-10Zr-—2Al be investigated 


Continued on page 300-s) 
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Plasma-Energy Transfer in Gas-Shielded Welding Arcs 


Study shows how the variance in the total 
thermal conductivity of an arc-shielding gas 
influences the shape of the discharge 


BY H. C. LUDWIG 


ABSTRACT. High-current welding arcs 
are influenced by the _ self-magnetic 
field produced within the discharge 
acting to compress or pinch the con- 
ducting plasma. The thermal expan- 
sion of the plasma opposes the mag- 
netic compression. The geometric 
form of the discharge is controlled by 
the interaction of these opposing forces. 
An axial pressure gradient occurs, 
occasioned by the magnetic compres- 
sion when the radius of the plasma 
varies throughout its length. The 
magnetic pressure is proportional to 
the square of the current and varies 
inversely with the cross-sectional area 
of the plasma. The product of the 
plasma temperature, particle density 
and gas constant determines the oppos- 
ing pressure of the gas expansion. The 
thermal conductivity which varies 
with the gas composing the plasma is 
an influential factor determining the 
radial temperature gradient and effec- 
tive pressure of the arc. 

Arcs shielded by low-thermal-con- 
ductivity gases manifest the magnetic 
compression at lower current values 
than high-thermal conductivity gases. 
Those in the former group known to 
form readily a compressed plasma are 
xenon, mercury and argon. Helium is 
representative of the latter group. 

The various modes of heat conduc- 
tion comprising the total thermal- 
conductivity coefficient for several 
gases are described. The magnetic- 
pinching mechanism is analyzed and 
shown to be effective in assisting the 
transfer of metal through the arc. In 
the absence of the magnetic compres- 
sion, metal transfers more slowly and 
less uniformly, constituting what is 
known as globular transfer. 


Introduction 

The self-magnetic field generated by 
high-current arcs gas-shielded 
welding processes can become the 
most important factor contributing 
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to the forces which promote the 
transfer of electrode metal through 
the arc. The magnetic force is one 
of compression acting upon the 
current-carrying members of the 
welding electrical circuit including 
(1) solid conductors, (2) the sessile 
molten drop at the tip of the 
electrode and (3) the arc plasma. 
To detach a metal drop from the 
electrode, a force must be applied 
which exceeds the surface tension 
of the metal drop in the sessile 
configuration. A magnetic force 
great enough to compress or pinch 
the arc plasma must exceed the 
force exerted by the thermally 
expanding gas. The _ interaction 
of these forces is considered as 
the major parameters which control 
the geometric form of the arc 
discharge and the characteristics of 
metal transfer. 


A pronounced improvement in 
the uniformity of metal transfer 
came with the development of the 
argon-gas-shielded consumable-elec- 
trode process.':?) By adjustment of 
conditions which determine the 
density of current conducted 
through the argon-shielded arc, 
the metal-drop rate can be con- 
trolled over a wide range without 
introducing metal spatter. The 
self-magnetic field, a function of 
current density, which acts on the 
arc plasma, is influenced by the 
transport properties of the gas 
composing the plasma. It is noted 
that the self-magnetic field can also 
act on the conducting electrode in 
the solid and liquid state. The 
influence of the self-magnetic field 
on a sessile molten drop has been 
treated previously.’ Most attention 
is given herein to the geometric 
form of the plasma as influenced by 
the properties of the shielding gas. 


As the attained temperatures and 
degree of thermal ionization are 


Dissociation 


Percent 


Temperature —°K 


Fig. 1—Dissociation in molecular gases 
at 1 atm pressure 


increased, the effects of neutral 
molecules and atoms contained in 
the arc plasma are lessened because 
of a decrease in their number 
density. On the other hand, there is 
a proportionate increase in the 
number density of ions and elec- 
trons, which take on the character of 
the transport properties of the 
plasma as the temperature rises. 
Moreover, the coupling of ions and 
free electrons to the self-magnetic 
field introduces gradients in pres- 
sure. These gradients, which pro- 
duce acceleration of the particles, 
cause streaming toward either ter- 
minal of the arc. The transforma- 
tion of the input energy in arcs is 
controlled irreversibly by the inten- 
sity and distribution of these forces 
and fluxes as influenced by the 
composition of the arc plasma. 
Several gases have been chosen to 
illustrate how their transport prop- 
erties influence the geometric forms 
of arc plasma exhibited. 


Plasma Composition 

Molecular dissociation, an energy 
absorbing process to which plural 
atomic gases are subjected, is shown 
in Fig. 1 for hydrogen,‘ nitrogen’ 
and carbon dioxide.’ Molecular 
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Fig. 2—Argon-shielded-arc plasma 
composition—l atmosphere pressure 
(G. Busz & W. Finkelnburg) 


Fig. 3—Nitrogen-shielded-arc plasma 
composition—l1 atmosphere pressure 
(G. Busz & W. Finkelnburg) 


Fig. 4—Helium-shielded-arc plasma 
composition (1 atmosphere pressure) 


dissociation is essentially complete 
for all three gases at 10,000° K. 
Particle-number densities as related 
to temperature for argon, nitrogen 
and helium are shown in Figs. 
2, 3 and 4. The determination of 
the particle-number densities was 
made according to the Saha theory 
of thermal dissociation and ioniza- 
tion.’ The ordinate is given in 
units of particle number per cm‘. 
The temperature range (abscissa) 
covers that involved in most welding 
and cutting arcs. 

In following the course of dis- 
sociation and thermal ionization 
with temperature (Figs. 2, 3 and 4), 
one starts at the upper left-hand 
corner of each _ semilogarithmic 
graph corresponding to the max- 
imum total number of atoms or 
molecules per cm’, the total number 
being some 10" particles per cm* 
at room temperature. As_ the 
temperature increases, molecular 
dissociation may take place, as 
for nitrogen (Figs. 1 and 3), and 
excitation and ionization proceed. 
The total number of particles per 
unit volume varies with tempera- 
ture, as shown by the topmost 
curve in each figure. The density 
of singly ionized atoms, for example 
(N*), increases with temperature 
and reaches a maximum, while the 
density of neutral atoms (N,) de- 
creases. The increase in the density 
of doubly ionized particles (N**) 
follows, with further ionization oc- 
curring at higher temperatures. 
The maximum for singly ionized 
particles occurs at approximately 
17,000° K for argon and nitrogen 
and at 26,000° K for helium. The 
curves for electron density (e) 
follow the low-temperature side 
of the singly ionized-particle curves 
to their maxima and_ thereafter 
follow separate curves as the singly 
ionized-particle densities decrease. 
Each stage of ionization contributes 
to the number of free electrons. 
The particle-density curves for ar- 
gon and nitrogen are due to G. 
Busz and W. Finkelnburg,’ the 


one for helium is by the author. 


Arc-energy Transfer 

The electrical energy is changed, 
within the arc, into other forms of 
energy. An understanding of the 
details of these changes provides 
information about the thermal con- 
ductivity of the arc plasma. The 
usefulness of an are as a joining 
tool is very largely determined by 
the manner in which the electrical 
energy is transformed into heat 
energy; however, other forms of 
energy may extend this utility. 

The heat energy in an arc is 
transferred by the mechanisms of 


conduction, convection, diffusion 
and radiation. These are influenced 
to some extent by the development 
of a magnetic field, another form 
of energy. In the analysis of the 
arc energy, a division can be made 
into that portion which moves 
axially, governed primarily by 
Ohm’s law, and that which moves 
radially, accounting for the devia- 
tion in electrical conductivity from 
Ohm’s law. The irreversible process 
of energy transformation produces 
forces and fluxes which incite the 
movement of plasma particles and 
energy. Account is made for the 
total of these quantities in the 
magnitude of the plasma-field 
strength. 

For definitive purposes, a descrip- 
tion of the mechanism of heat- 
energy transfer in a plasma is 
reviewed. Conduction takes place 
by means of interparticle transfer 
from a region of higher temperature, 
called the source, to a region of 
lower temperature, called the sink. 
Radiation requires no medium at 
all and travels in waves. Con- 
vection of the natural type is 
driven by the force of gravity and 
depends upon the difference in 
mass density of the heated gas, and 
the main body of surrounding gas. 
Diffusion, which can take place via 
molecules, atoms, ions and electrons, 
depends both upon concentration 
and thermal gradients. 

Radial heat transfer by conduc- 
tion and diffusion mechanisms in 
arc discharges has been treated by 
Maecker* in the following expres- 
sion for the thermal-conductivity 
coefficient (X): 


x F \ n T 
+ ‘| 4 
[ 1/nQ@.4 


4. /2nQ 


[ (1) 
+ 


where 


k Boltzmann’s__con- 
stant. 

respective thermal 
velocities of 
atoms, ions and 
electrons. 

respective particle 
densities of 
atoms, ions and 
electrons. 

effective cross sec- 
tions for atoms 
and ions, respec- 
tively. 

ionization potential 
of the plasma gas. 


Vo, V+ and v, 


, and n, 


and @, 


It is possible to make similar 
calculations to account for the 
contribution of heat transfer due 
to the recombination of atoms to 
molecules if the diffusion coefficient 
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Fig. 5—Total thermal conductivity of some representative gases as a 


function of temperature (calculated) 


differs from that of normal atoms. 
As the temperature increases, the 
contribution due to electrons be- 
comes greater and, _ therefore, 
through classical electron conduc- 
tion, assumes the important role of 
thermal conductivity. 


Thermal Conductivity 


From the composition of plasma 
gases, obtained by means of the 
Saha equation,’ and the develop- 
ment of thermal velocities and 
effective cross sections by kinetic 
theory, one can determine the total 
thermal conductivity of gases. The 
most recent progress in the deter- 
mination of cross sections has been 
compiled by Drawin.’ This compi- 
lation includes the results of Gvos- 
dover,’ Maecker,* Chapman and 
Cowling'' and Spitzer and Harm." 
From these data and those afore- 
mentioned, the total thermal con- 
ductivity can be determined by 
adding all of the contributions due 
to molecules, atoms, ions and elec- 
trons. 

The total thermal conductivity of 
several gases has been determined. 
The coefficients for hydrogen,'* he- 
lium, nitrogen'*~ and 


are shown in Fig. 5 for a wide 
temperature range. -The curve for 
helium was obtained from calcula- 
tions by the author. A _ general 
increase in thermal conductivity 
with temperature for all the gases is 
noted. The contributions of the 
molecular dissociation-diffusion-as- 
sociation mechanism in the di- 
atomic gases, hydrogen and _ni- 
trogen, are readily observed. In the 
following, an attempt will be made 
to show how the plasma transport 
property of the thermal conductiv- 
ity influences the geometric shape 
of the are discharge in argon and 
helium. 


Nature of High Current- 
density Arcs 

Experimental evidence shows that 
thermal conduction influences the 
geometric shape of the arc discharge. 
To illustrate the point, a comparison 
is made of the geometric forms of 
arc plasma due to low- and high- 
thermal-conductivity gases, argon 
and helium, respectively. <A series 
of accurately reproduced _illustra- 
tions of arcs burning in argon- 
helium gas mixtures is shown in 
Fig. 6. In this figure, the pure 
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Fig. 7—Dependence of plasma gradient 
on composition (percent by volume) of 
argon-helium shielded arcs. (Tungsten 
electrode—100 amp) 


helium arc is shown on the left 
and the pure argon on the right. 
As helium is added to the argon 
arc, the plasma is visibly altered 
by the gradual change from the 
truncated cone to a spherical form. 
All arcs were maintained at a 
drawn current of 100 amp. The 
variation in the plasma gradient 
(field strength) with plasma com- 
position is shown in Fig. 7, in- 
dicating a considerably higher power 
consumption for helium arc than 
for the argon arc. The higher 
potential across the helium arc 
also indicates that higher tempera- 
tures are necessary and that more 
energy is being dissipated to main- 
tain the discharge. Measurements 
of the radial temperature of an 
argon-tungsten arc by _ spectro- 
scopic means show that tempera- 
tures in the are axis attain values 
of the order of 16,000° K with the 
temperature falling to 10,000° K 
near the arc boundary. A limited 
survey of the temperature distribu- 
tion in the helium arc indicates 
an axial temperature of 27,500° K. 
The author’s isotemperature curves 
for a 300-amp argon-tungsten arc, 
are shown in Fig. 8. 

If the thermal conductivity of a 
gas is very high, the plasma will 
be isothermal to a rough approxi- 
mation. This, in other words, 
means that the temperature gra- 
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Fig. 6—The dependence of arc-plasma shape on the composition (percent by volume) of argon-helium gas-shielded arcs. 


(Tungsten electrode—100 amp) 
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Fig. 8—Temperature distribution in an argon-shielded tungsten arc— 


300 amp 


dient of a helium plasma will be 
significantly less than that for the 
argon plasma. Also, the mean 
temperature for any given hori- 
zontal plane of the helium arc will 
be greater than that for a cor- 
responding argon plasma because of 
both the higher axial temperature 
and lower temperature gradient. 
In a given volume, the thermal gas 
pressure for the helium arc will be 
higher than that for argon, ac- 
cording to the Ideal Gas law. 

The interaction between the arc- 


plasma kinetic pressure and the 
self-magnetic field pressure is a 


very important factor in the phys- 
ical characteristics of the arc as 
the current conducted becomes high. 
The amount of conducted current 
required to make this interaction 
significant, varies with the gas 
making up the arc plasma. The 
self-magnetic field effect of “‘pinch,”’ 
the force tending to reduce the 
cross section of a conductor, has 
been observed in mercury vapor," 
xenon,'? argon*” and in carbon 
ares.*! A streaming of the plasma 
particles which occurs, away from 
the plasma zone of smallest cross 
section and of highest pressure, 
has been observed with measured 
velocities as high as 300 meters 
sec’ (a speed approaching that of 
sound), and with developed forces 
to the order of 1000 dynes.* *! 
The axial gradient in _ pressure 
introduced by the compressive force 
of the magnetic field produces the 
streaming motion which transfers 
metal through the arc. 


The plasma pressure must be 
balanced by the combined magnetic 
pressure and atmospheric pressure. 
The effects of convection, conduc- 
tion, diffusion and radiation mech- 
anisms contributing to the attained 
temperature of the arc plasma and 
temperature gradient should appear 
in a rigorous energy-balance equa- 
tion. An analogy in pressure bal- 
ance may be found in the equilibrium 
of pressure within and without a 
soap bubble or balloon where at- 
mospheric pressure and the pressure 
exerted by the bubble or balloon 
wall confine the gas. Thearc plasma 
may also contain an axial gradient in 
pressure. This is analogous to the 
difference in pressure produced when 
a break or opening is made in the 
bubble or balloon, causing the escape 
of the confined gas. 

In the diagrams of Fig. 9, a and 6, 
a balance of the interacting forces, ”” 
is illustrated consisting of (1) the 
kinetic pressure of the gas radial 
outward from the are axis and (2) 
the self-magnetic field pressure in- 
ward. The self-magnetic field varies 
with the distance (r) from the axis 
of a conducting radius (a) according 
to the relation: H 2ir/a*, where 
(¢) is the current in electromagnetic 


units. The magnetic force will be 
2ir/a? at a distance (r) from the 
axis directed tangentially to (r) 
in a clockwise sense when the 


current passes downward into the 
plane of Fig. 9a. Considering a 
small element in the conductor 
(r dr dé), the current flowing will be 
rdrdéi/za*). The force upon this 
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Fig. 9—Opposing pressures of 
(a) self-magnetic compression and 
(6) kinetic gas pressure in arcs 
element over a length of 1 cm 
acting radially inward will be 
23? 
adF = r dr-rdé (2) 


The force will be supported by the 
small area (r dé) so that the pressure 
will be 
21? 
dp r-dr (3) 
7ra* 
The total area on the ring, as shown 
in Fig. 9a, will be 
{4 
p J rdr 
r 
i? », dynes 
ra* cm? 


The total difference in pressure 
acting radially inward will be 
: (5) 
tending to oppose the kinetic pres- 
sure of the confined high-tempera- 
ture plasma. 

The kinetic pressure exerted rad- 
ially outward by a plasma of infinite 
thermal conductivity would be, 
according to the Idea! Gas law, 

Py Ny + N4 n)kT (6) 


where mo, n. and n, are the repre- 
sentative gas particle densities, k 
is Boltzmann’s constant and T' 
the plasma temperature, assuming 
an isothermal condition. 

However, since welding-arc 
plasmas have finite thermal con- 
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ductivities, a radial gradient in 
temperature occurs. Therefore, the 
pressure of the gas will vary as a 
function of the temperature distri- 
bution. Equilibrium between the 
opposing forces is shown by the 
equation 


grad P JXxH (7) 


where J is the current density and 


H is the magnetic-field intensity. 
Gases which attain a higher tem- 
perature and lower temperature 
gradient will attain a higher pressure 
for a constant volume. The deter- 
mination of the radial plasma pres- 
sure gradient which exists with a 
radial temperature gradient is math- 
ematically complicated will 
not be treated here. However, 
if we can assume equilibrium be- 
tween the plasma pressure and the 
magnetic pressure, a solution can 
be more easily procured through 
the determination of the self-mag- 
netic field pressure by integration 


of J x H. It is apparent that 
kinetic pressure of the gas for a 
given volume is greater for higher 
temperature; thus the gas expands 
until the equilibrium with opposing 
pressures is attained. Because of 
both the higher axial temperature 
and lower temperature gradient, 
the helium-tungsten arcs are more 
difficult to “pinch,” requiring a 
higher magnetic force. <A_ higher 
magnetic force may be obtained by 
increasing the drawn-arc current, 
since the magnetic force varies 
as the square of the current. A 
threshold appears with the helium- 
tungsten arc at about 150 amp?”* 
current where the shape of the arc 
changes from a sphere to a truncated 
cone. With a consumable steel 


electrode in. diam) the 
threshold of discernible pinch occurs 
at 470 amp, reverse polarity. The 
threshold for other gases remains to 
be determined. 


Summary 

An attempt has been made to 
show how the variance in the total 
thermal conductivity of an arc- 
shielding gas influences the shape of 
the discharge. With a high-ther- 
mal-conductivity plasma, such as 
helium, a closer approach to the 
isothermal conditions is attained, 
causing a radial extension of high 
temperatures. This has the effect 
of expanding the plasma volume, 
as shown in Fig. 96, until it is 
brought to equilibrium with the 
pressure of the self-magnetic field. 
The resulting shape of the discharge 
indicates the corresponding varia- 
tion in the cross-sectional area of 
the plasma. The variation in 
magnetic compression related to 
the change in current density in- 
troduces a gradient in axial pressure 
resulting in an acceleration of the 
particles and a force. With argon, 
the truncated cone-shaped plasma 
indicates one force in the direction 
away from the electrode. The 
spherical shape of the discharge 
plasma in helium shows the exist- 
ence of opposing forces from each 
terminal of the arc. Experiment 
shows that metal transfer through 
the helium-shielded arc is inhibited 
until the self-magnetic force be- 
comes sufficiently large at larger 
current values to exert a “pinch” 
on the plasma. It is expected that 
all gases exhibiting a high total 
thermal conductivity will exhibit 
geometry similar to that of the 
helium-arce discharge. 


After the transport properties of 
various welding-arc atmospheres 
have been determined, the quantita- 
tive relationship between the ex- 
erted radial and axial forces of the 
arc, as influenced by these prop- 
erites, may be elucidated to show 
the magnitude of the irreversible 
processes which occur. 
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(Continued from page 295-s) 


further, and that additional work be 
done on new compositions. 


Brazed Honeycomb Sandwich 


A brazed honeycomb-sandwich 
construction for structural use which 
withstands operational temperatures 
up to 1200° F has been developed 
for the Air Force, according to a re- 
port just released for industry use 
through the Office of Technical 
Services, U. S. Department of 
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Commerce. The report, PB 151272 
Development of Brazed Sandwich 
Construction Materials for High 
Temperature Applications, C. F. 
Burrows and F. J. Ragland, Jr., The 
Martin Co. for Wright Air Develop- 
ment Center, U. S. Air Force, July 
1958, may be ordered from OTS, 
U. S. Department of Commerce, 
Washington 25, D.C. It contains 
105 pages, price $2.50. 

The successful base-braze metal 
combination was Type A-286 steel, 
an austenitic superalloy containing 
titanium and aluminum, brazed with 
a__ nickel - chromium - silicon - iron- 
boron alloy. At operational tem- 
peratures from 1000 to 1200° F, this 
combination showed excellent struc- 
tural and fatigue properties. 


Two sandwich combinations were 
satisfactory for use in temperatures 
up to 700° F. They were Type 422 
steel, a modified 12% chromium 
martensitic stainless steel, brazed 
with 85 silver — 15 manganese modi- 
fied with lithium; and Type 17-7 PH 
steel, a precipitation-hardening mar- 
tensitic alloy containing aluminum, 
brazed with 93 silver—7 copper 
modified with lithium. 

Satisfactory preformed and resist- 
ant-welded honeycomb core was 
made from all five of the corrosion- 
resistant steel alloys used in the 
study. It was found that static 
flexure, edgewise compression and 
flexural fatigue tests provide fairly 
significant and reliable data on 
brazed sandwich construction. 
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Instantaneous Inspection of Ship Welds 
with Scattered Gamma Radiation 


Paper reports on present status of filmless technique 
and describes procedure evolved for utilizing only one side 


of the ship’s hull during testing 


BY J. t. BUIES 


Introduction 


The test method discussed in this 
paper was initiated by the Bureau of 
Ships. The Bureau was interested 
in an efficient and expeditious test 
technique on welds of tankers un- 
dergoing overhaul. The detection 
of flaws in ship hulls appeared par- 
ticularly important after an investi- 
gation of failures in type T-2 tankers 
indicated that some of the failures 
were initiated by flaws in welds in 
the midship structure. Since con- 
ventional radiographic methods 
proved excessively expensive and 
impractical because both sides of the 
ship’s hull were used during testing, 
the Bureau requested the following: 
(1) a filmless method and (2) a pro- 
cedure of utilizing only one side of 
the ship’s hull during testing. 

The method under discussion, as 
tested in the laboratory, complied 
with both requirements. However, 
no prototype of the final instrumen- 
tation has been designed as yet be- 
cause the limitation of the method 
will have to be investigated on 
such field parameters as the source, 
variety of defects, irregularities of 
the weld bead, thickness of the weld, 
the practicability of the instrumen- 
tation,etc. Therefore, this paper re- 
ports on the present status of the 
filmless technique on ship welds 
rather than the completed _in- 
strumentation for such a technique. 


Preliminary Investigation 

The basic study on detection of 
defects in ship welds was performed 
on a welded test plate as shown in 
Fig. 1. The defects of the test plate 
of Fig. 1 are shown in the conven- 
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Fig. 1—Welded test plate with intentional defects 
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Fig. 2—Radiograph of test plate 


tional radiograph, Fig.2. From the 
differences in X-ray film densities of 
the indicated points, the correspond- 
ing effective steel-plate thicknesses 
were computed and will be shown be- 
low. For a comparison, the filmless 
method was applied with a 
Cobalt-60 isotope of about 300 mc 
as a source, and a Geiger counter as 
a detector of the transmitted gamma 
radiation through the various points 
in the steel plate. The time in sec- 
onds was registered for a constant 
number of total counts, and the 
graph so obtained is illustrated in 


Fig. 3. 

The evaluation of the effective 
steel thickness on the points indi- 
cated in the radiograph was effected 
on the basis of the equation in Fig. 
4. The thickness of the “fair” 
weld was physically measured and 
found equal to 1.223 and 1.250 in. at 
point I and point IV, respectively. 
The corresponding values of effec- 
tive steel thickness obtained by the 
radiograph and gamma-radiation 
method, assuming 1.25 in. as the 
reference thickness, are tabulated in 
Table 1. 
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Fig. 3—The attenuation of the gamma radiation in the welding test plate 


(1) I) ~LAMBERT’S ABSORPTION EQUATION 
I 

(2) 
I; 


Ip = PRIMARY RADIATION 
1p = TRANSMITTED RADIATION 
4d = THICKNESS OF THE ABSORBER 
d = ADDITIONAL THICKNESS 
di = X-RAY ABSORPTION COEFFICIENT 


Fig. 4—Lambert’s absorption equation 
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Fig. 5—The principle of applied scattered gamma radiation for testing welds 
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The next step was to locate the 
gamma source and the detector on 
one side of the ship’s hull and the 
radiation scatterer on the other side, 
Fig. 5. Geiger counters, cadmium- 
selenide crystals and _ scintillators 
were investigated as detectors. The 
scintillators were found to be the 
most sensitive. 

The application of scattered radia- 
tion was based on the discovery of 
A. H. Compton.' Figure 6 illus- 
trates the primary beam and the 
scattered radiation. Figure 7 ex- 
plains the mechanism of scattering 
according to Compton. The 
Compton effect in relation to the 
scattered angle is expressed by the 
tollowing equation: 


AX = 0.024 (1 — cos @) 
at 6 = 180 deg, A\ = 0.048 A. 


Assuming the wave length of the 
primary radiation of Cobalt 60 to be 
0.01 A, it is evident that the scat- 
tered radiation, being 0.058 A, is 
much “softer” (about 215 kv) as 
compared with the primary radia- 
tion of about 1.2 Mev. 


Present Method 


The scatterer, mentioned above, 
constituted an impractical compo- 
nent for a field technique. This 
scatterer was eliminated after a 
search in the literature revealed that 
the thickness of a test sample could 
be determined by the scattered 
gamma radiation from the sample it- 
self.2 The experimental arrange- 
ment in Fig. 8 explains the applica- 
tion. 
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Fig. 6—The principle of Compton's scat- 
tered effect 
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Fig. 7—Types of scattered radiation 
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into a recorder for reading the con- 


silat italia ts tinuous number of counts in the time 
Point Radiograph Geiger counter methods weld, % 7O-NO-4z0 gage. Going one step 
tI 1.154 1.100 1.127 9.7 farther, even a digital counter can 
TT 1.176 1.190 1.183 5.5 be applied. 
IV 1.250 1.250 1.250 0 We also conducted tests for the 
V 1.172 1.178 1.176 6.0 determination of the scatter effect as 
vi 1.202 1.190 1.196 4.5 a function of the steel thickness. 
Figure 9 illustrates the relationship. 
Table 2—Typical Experimental Data \ 
Scintillator without pulse-height analyzer \ ‘ os 
as detector of scattered radiation and \ a 
EPUT scaler as indicator © = 126 
Number of counts per 10 sec ‘ 
Steel thickness, in. p+: 
1.00 1.04 
X; 
40 ,000 39,90 
40,000 39,600 =0.024(1- cose) 
39,900 39,600 COS @=-.588 
39,900 39, 300 @4 = 0.024 X1.588:.0382 
40,000 39,600 A COBALT: 0.014 
COMPTON A = 0.0/+.0382 -.0482 
39,800 39,500 KV=12.4 = 257 
39,900 39,700 0482 
40,100 39,700 
X: = 39,960 X2 = 39,580 
Xi— X 380 
= = = 0.85 
Significance tr R 450 
tr for confidence level 0.999 = 0.53 
t 150 x 1.93 
Counting error = = = 9] 
s/n 3.17 
n a 10 t = 1.93 o = 150 > 
X: = 39,960 X: = 39,580 
— 9) + 90 
39,870 39,670 Fig. 8—Experimental arrangement for measuring the radiation scattered 
from the simulated weld 
= 300 p _ R=Rit Re _ 
R, = 600 2 = 
= 150 
o = Standard deviation 
t = factor depending on confidence 40 
level and sample size 4s 
Typical experimental data are ae 
tabulated in Table 2. The source —£ 
applied was 180 mc, X, representing 30,000 
a 4% larger steel (or weld) thickness Ae al 
SCINTILLATOR OUTPUT IN COUNTS 


than for X;. The author calls it a 
‘negative void”’ because it was easier 
to add a 0.040-in. steel sheet to the 
1-in. thick steel plate than to drill a 
hole of 0.040 in. depth. According to 
Table 1, the minimum weld defect 
in the standard weld plate was 4.5%; 
therefore, the 4°, ‘‘void’”’ used dur- 
ing my experiments meets the prac- 
tical requirements. 0,000 } 

Instead of feeding the output of ¢¥ 
the scintillator to a scaler for reading 
the counts in a certain time, the out- 
put can be directed to a so-called 
ratemeter. The latter reads the 
counts per second in the manner of 0 10 
any electrical instrument 
meter, amperemeter, etc.).  Fur- 
thermore, the output can be fed 
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Fig. 9—-Scattered gamma radiation as a function of the steel-plate thickness 
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Fig. 10—Recorder reading for scattered radiation for 1- and 1.04-in. steel 


thicknesses 


It is noteworthy that the back- 
ground effect of radiation represents 
a large percentage of the total radia- 
tion effecting the scintillator. The 
background consists of the thermal 
noise in the photomultiplier tube of 
the scintillator, and of the gamma 
radiation which affects the scin- 
tillator despite the protection bar- 
rier. 

On the basis of the experimental 
data and statistical information sup- 
plied by the Atomic Energy Com- 
mission for disintegration of radio- 
active isotopes, it was computed 
that approximately 1800 mc of Co- 
balt 60 would be required for ap- 
proximately 20 hr to expose 1000 ft 
of critical linear welds on T-2 tank- 
ers to gamma radiation. The pro- 
tective lead container for 1800 mc 
would be a cylinder of 5'/, in. in 
height and 5'/, in. in diameter. 
The number of hours can, of course, 
be reduced by using more than one 
instrument simultaneously, or by 
increasing the activity of the source. 
For example, by doubling the size of 
the source, 1800 to 3600 mc, only 10 
hr instead of 20 hr of exposure would 
be required. The protective lead 
container for 3600 mc would be 6 in. 
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in height and 6 in. in diam. 

It is noteworthy that for '/.-in. 
steel and detection of 4% defects 
only about 700 mc of Cobalt 60 for 
20 hr of exposure and 1400 me for 10 
hr of exposure would be required. 
The protective cylinders for 1400 mc 
would be 4.8 in. in height and 4.8 in. 
in diam. 

Figure 10 clearly indicates the re- 
cording of the values of 1- and 1.04- 
in. steel thicknesses. To break the 
drift of the recorder, the recorder 
was turned on and off for 4-sec in- 
tervals. 

The improvement of the sensi- 
tivity of the method by the applica- 
tion of a pulse-height analyzer was 
also attempted. The latter is so de- 
signed that it responds only to a cer- 
tain selected spectral band of the in- 
coming radiation. Figure 11 ex- 
plains the operation of such an 
analyzer with a Cobalt-60 isotope. 
It is based on the assumption that 
the primary radiation is scattered at 
an angle of 180 deg from the test ob- 
ject. Under these conditions an 
additional number of counts (shaded 
area D) appears on the diagram. 
The analyzer responds only to the 
pulse-amplitude band as covered 
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Fig. 1l—Pulse amplitude distribution in 
scintillator crystal 


by the shaded area. The difference 
in number of counts corresponds to 
thickness difference of 0.04-in. steel. 
As Fig. 9 shows, the sensitivity of 
the method with the pulse-height 
analyzer is inferior to that without 
analyzers, so the application of the 
latter will not be considered. 


Future Work and Conclusions 


Figure 9 illustrates the limitation 
of the present method of applying a 
scintillator as a detector. The sen- 
sitivity decreases significantly above 
3/,-in. thick steel. Further investi- 
gation will determine whether the 
saturation can be overcome by using 
other detectors, such as pressurized 
ion chambers and cadmium-selenide 
cells. 

The correlation of this method 
with new test-weld. plates will be 
investigated. Finally, a prototype 
of the instrumentation will be de- 
signed and tested. 
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MODEL V SERIES 
INDUSTRIAL 
VICTROMETER 


VICTOR 
REGULATOR-VICTROMETER 
COMBINATION UNIT 


give you precise contro/ and measurement of gases 


Victor regulators and flowmeters provide accurate, safe control and measurement of gases 
used in industrial applications, such as welding and cutting; gas shielded arc welding; labora- 
tory work; atmosphere control; furnace operations, etc. For use with oxygen, air, argon, 
helium, nitrogen, hydrogen, carbon dioxide, and other gases. 


e FEATURES: Construction—compact, sturdy design provides adequate capacity with 
minimum weight and size 

e VICTOR SINGLE-STAGE REGULATORS meet requirements of capacity and delivery pressure 

with minimum variation. 

VICTOR TWO-STAGE REGULATORS are recommended for operations requiring constant 

delivery pressure over a range of varying inlet pressures. 

INDUSTRIAL VICTROMETERS provide reliable, efficient measurement of gas flow. Gauge 

is visible from all sides. Tubes and floats can be easily changed or adjusted for 

different gases and flow rates. 

REGULATOR-VICTROMETER COMBINATIONS—Single or two-stage regulators may be com 

bined with Victrometers making a compact unit that both regulates and measures 

gas flow. 


Specify Victor for your job. See your Victor dea/er or write us. 


VICTOR EQUIPMENI COMPANY .. 


Mfrs. of high pressure and large volume gas regulators; welding & cutting equipment; hardfacing rods 
blasting nozzies; cobalt & tungsten castings; straight-line and shape cutting machines 


844 Folsom St., San Francisco 7 » 3821 Santa Fe Ave., Los Angeles 58 + 1145 E. 76th St., Chicago 19 
J. C. Menzies & Co., Wholly-Owned Subsidiary 
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smallest 350 Amp. DC 


manual holder 


a full 350 amps! 


AIRCO’S H35-B HELIWELD HOLDER 


new design - new light weight - new economy 


Using tungsten electrodes as short as 2” in 
length, the brand new Airco H35-B Manual 
Heliweld Holder can go to work in more 
confined spaces than any other holder. 

It operates at a continuous duty rating 
of 350 amperes DCSP, or 300 amperes AC. 

With a new Airco H35-B in hand you can 
heliweld stainless steel, aluminum, copper, 
magnesium and other alloys and metals 
... from paper-thin gauge to 1/8” or more, 
depending upon the metal and current you 


use. Special body material insulates against 
high temperatures. 

The Airco H35-B does the job at lower 
operating cost. Stub loss can be as little 
as 13/16”. Metallic nozzles are not needed. 
Reduced gas flow saves you money. Less 
down time, because there’s no high fre- 
quency leakage. Connections are a breeze. 
For information see your Authorized Airco 
Dealer. He’s listed in the Yellow Pages. Or, 
contact Airco direct. 


On the west coast— 
Air Reduction Pacific Company 


REDUCTION SALES COMPANY internationaiiy- 


Airco Company International 


A division of Air Reduction Company, incorporated In Cuba— 
150 East 42nd Street, New York 17,N.Y. 


Cuban Air Products Corporation 


In Canada— 
Air Reduction Canada Limited 


Offices and authorized dealers in most principal cities All divisions or subsidiaries 


of Air Reduction Company, Inc. 


For details, circle No. 9 on Reader Information Card 
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